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CHAPTER I 
INTRODUCTION 
Alkylation of enolates derived from ketones is an often employed method 
of forming a new carbon-carbon bond. Despite the wide use of this technique in 
synthetic organic chemistry, the method suffers several disadvantages, particu­
larly when an unsymmetrical ketone is to be alkylated. One of the biggest draw­
backs of direct base catalyzed alkylation of a ketone is that a complex mixture of 
mono and polyalkylated products is often formed, requiring difficult and often 
tedious separation of the desired alkylation product. This difficulty is shown in 
Chart I, using 2-methylcyclohexanone as a model compound (1). With triphenyl-
methylpotassium, initial enolate formation is irreversible (2). Enolization is 
most likely reversible with most weaker bases, such as potassium tert-butoxide 
and sodamide. 
A second problem of direct base catalyzed alkylation which is particularly 
troublesome in the case of cyclopentanones is that of self condensation of the ke­
tone to form dimers or large oligomers (3). 
Many ingenious methods of directing alkylation to the desired position 
have appeared in the literature. These methods can generally be placed in four 
categories: 
(1) Use of a blocking group at the unsubstituted alpha position which then 
forces the alkylating agent to react at the substituted position only. The blocking 
0 
Chart 1. General Scheme for Direct Base Catalyzed Alkylation of a Ketone 
4 
group is then removed. 
(2) Introduction of an electron withdrawing activating group at the unsub-
stituted alpha positions. This makes the activated position much more reactive 
and directs the alkylation to it. The activating group is then removed. 
(3) The formation and alkylation of enamines and Schiff base anions. 
(4) Reductive-alkylation methods. 
Methods 1 and 2 suffer from the serious disadvantage of requiring several 
steps in order to obtain the desired alkylation product. Method 3 has chiefly been 
applied to symmetrical ketones. Method 4 has the serious disadvantage that many 
of the compounds needed for reduction are difficult to synthesize. 
Specific examples of blocking groups include the benzylidene group (eq 1) 
the aminated (eq 2) (5) or alkylated (eq 3) (6) formyl group and the thioether of 
a formyl group (eq 4) (7). 
(4) 
0 c 
eq. 1 
CH 3 
0 0 0 
eq. 2 CHOH CHNPh 
5 
All of the products of equations 1-4 have been further reacted with a strong base 
and alkylating agent to give monoalkyl products with the alkylation occurring at 
the open alpha position. The blocking groups can then be removed. The above 
methods have the advantage of giving a relatively pure product monoalkylated at 
the desired position. However, the multistep processes involved are time con­
suming and overall yields are often low. 
The groups most often used to activate an alpha position are the formyl, 
carbethoxyl and ethoxyalyl moieties (8). 
Formylation can be accomplished by base catalyzed reaction of the ketone 
with ethyl formate as shown in Equation 5 (9). 
C P 
eq 5 
6 
Introduction of a carbethoxyl group can be accomplished by direct reaction 
of the ketone with diethyl carbonate (eq 6) (10) or by reaction of the ketone with 
diethyl oxalate followed by pyrolytic decarbonylation of the ethoxyalyl adduct 
(eq 7) (11). The latter method often gives better yields, despite the additional 
step, because of the higher reactivity of the oxalate ester. 
eq 6 
eq 7 
The ethoxyalyl group can itself be used as an activating group (12). The activated 
position is much more acidic than the unactivated position, resulting in the gene­
ration of a specific enolate upon reaction with base. After alkylation, the activa­
ting group is removed. Formyl and carbethyoxyl groups can be removed hydroly-
tically: alkoxide solutions are used to remove the ethoxyalyl moiety. 
The alkylation of enamines (13) and the anions of Schiff's bases (14) was 
developed by Stork and coworkers. Both of these methods have generally been 
applied to symmetrical ketones. Enamines are prepared by reaction of a ketone 
with a secondary amine. The enamines can be alkylated in reasonable good yield 
but when only moderately active alkylating agents, such as methyl iodide are 
7 
employed, conversion is not complete. An example of enamine formation and 
alkylation is given in Equation 8. 
The preparation and alkylation of a Schiff's base anion is shown in 
Equation 9. This method is superior to enamine alkylation for moderately 
reactive alkylating agents. 
The procedure of reductive alkylation of enones was developed by Stork 
and coworkers (15) and has received some application. In this method shown in 
Equation 10 the enolate is generated by reaction of an enone with a solution of an 
8 
alkali metal, usually lithium, in liquid ammonia, then alkylated in this solvent. 
Lithium is generally chosen since the rate of alkylation of lithium enolates is 
faster than their rate of equilibration. Yields are improved by addition of a pro­
ton donor, such as tert-butyl alcohol (16). 
Li+ nC^H 9 
A second reductive method for the generation of a specific enolate is via 
reduction of an alpha chloromercuri ketone, as shown in Equation 11 (17). The 
enolate so generated is then alkylated. Little application of this method has been 
made. 
A third reductive method was recently reported by Spencer and co-workers 
(18). Treatment of alpha-bromoketones with 10:1 mixtures of benzene: dimethyl 
sulfoxide (DMSO) in the presence of zinc metal results in replacement of the bro­
mine with a methyl group as shown in Equation 12. 
9 
0 
eq 12 
0 
Zn, PhH 
DMSO 
A fourth reductive method of alkylation has been reported by Weiss and 
co-workers (19). The steroidal enol acetate, 17-bromopregnenolone acetate, 
was treated with lithium in liquid ammonia to give the methylated enol acetate 
in nine percent yield as shown in Equation 13. 
eq 13 
AcO 
\ 
c=o 
CH3 
1)L1 
— 
2) CH^I 
House and co-workers (12) and Caine (17) have extended the work of Stork 
(15) showing that lithium enolates possess certain properties that make them 
desirable for possible specific alkylation: 
(1) Under kinetic conditions using excess triphenylmethyllithium as the 
base, the less substituted enolate (I) predominates over the more substituted 
enolate II (eq 14). This preference is greater than in the case of potassium 
enolates. 
(2) The kinetic lithium enolate mixture equilibrates much more slowly 
10 
than the corresponding potassium enolate mixture and reac t s with trapping r e a ­
gents much more rapidly than it equi l ibrates . 
(3) At equil ibrium, the more substituted lithium enolate is generally 
favored over the less substituted enolate in the case of cyclic ketones (eq 14). 
This preference is l a r g e r in the case of lithium than for a corresponding mixture 
of potassium enolates. 
+ + 
P 0 L i LI 0 
eq 14 
I II 
The purpose of this r e s e a r c h was to investigate the position of enolization 
of severa l unsymmetrical cyclic ketones as determined by trapping the enolate 
mixtures with acetic anhydride. In part icu lar , a s e r i e s of cyclohexanones was 
studied to evaluate s t er i c effects on lithium enolate formation. 2-Methylcyclo­
pentanone was also studied. The bases used to cause enolization were tr iphenyl-
methyllithium and triphenylmethylpotassium. These bases were chosen for this 
study because of their ability to completely convert ketones to enolate anions. 
The possibility of using lithium enolates to effect alkylation at a specific alpha 
position was also studied. 
11 
CHAPTER II 
INSTRUMENTATION AND EQUIPMENT 
Boiling points a r e uncorrected. Carbon and hydrogen microanalyses were 
performed by Galbraith Laborator ies , Incorporated, Knoxville, Tennessee. P r o ­
ton magnetic resonance spectra were recorded on a Varian, Model A-60, high 
resolution spec trometer , using carbon tetrachloride containing tetramethyls i lane 
(TMS) as an internal standard as solvent. Chemical shifts a r e reported in ppm 
down field from the standard. The abbreviations s, d, t, q and m respectively 
r e f e r to singlet, doublet, tr ip let , quartet and multiplet; coupling constants a r e 
reported in Hz. Catalytic hydrogenations were performed in a P a r r low p r e s s u r e 
reaction apparatus using 95 percent ethanol as the solvent. Solvent evaporations 
were c a r r i e d out at reduced p r e s s u r e using a commercial rotating evaporator. 
An Aerograph Manual Temperature P r o g r a m m e r Gas Chromatograph, Model A-90P 
was employed for all vapor phase chromatography (vpc) work. Commercial r e a ­
gent grade triphenylmethane was used without further purification. Commercial 
1,2-dimethoxyethane (DME) and tetrahydrofuran (THF) were purified by d is t i l ­
lation through a five foot vacuum jacketed column packed with glass hel ices , then 
distil led from lithium aluminum hydride immediately pr ior to use . Anhydrous 
ether was stored over sodium ribbon and distilled from lithium aluminum hydride 
immediately pr ior to use . Liquid organic compounds were distilled pr ior to use . 
Reagent grade inorganic chemicals were used in this r e s e a r c h . 
12 
CHAPTER III 
EXPERIMENTAL 
2-Ethylcyclohexanone (III) 
The general method of Stork et_al was employed (20) for the synthesis of 
III. Anhydrous ammonia, ca 500 ml, was distilled into a 3000 ml three-necked 
round-bottom flask fitted with a mechanical stirrer and dry ice condenser. Finely 
cut lithium wire 7. 0 g (1. 0 moles) was added and the mixture was stirred for 30 
min. A solution of 31.0 g (0. 254 moles) of ortho-ethylaniline in 50 ml of anhydrous 
tert-butyl alcohol was added. The reaction mixture was stirred for 2. 5 hr and 
ca_ 500 ml of water was added. The reaction mixture was allowed to warm to 
room temperature, then saturated with salt and extracted with three 100 ml por­
tions of ether. The ether extracts were combined and dried over anhydrous mag­
nesium sulfate. The solvents were removed in vacuo. The resulting oil was added 
to 250 ml of ice cold five percent hydrochloric acid. The mixture was heated to 
90°C over a 20 min period, then allowed to cool to room temperature. The layers 
were separated and the aqueous layer extracted with three 50 ml portions of ether. 
The combined organic layers were dried over anhydrous magnesium sulfate and 
the solvents removed in vacuo. The crude product, 12.0 g, was dissolved in ca 
150 ml of 95 percent ethanol and 1.5 g of five percent palladium on charcoal was 
added. The mixture was placed on a Parr shaker under 40 psi of hydrogen for 
one hour. The solvents were removed in vacuo and the resulting oil was distilled 
13 
through a four inch Vigreaux column to give 10. 5 g (33 percent) of III, b. p. 
78-80°C/22 m m Hg. (lit. 110°. 36 m m Hg (21) ) 
o-Isopropylanisole (IV) 
Compound IV was prepared by the general method of Gilman (30). A 
1000 ml three-necked round-bottom flask was equipped with a mechanical stirrer, 
thermometer, and dropping funnel and charged with a solution of 45. 5 g (0. 81 
moles) of potassium hydroxide in ca 500 ml of water. The solution was cooled 
to zero degrees with an ice salt bath and 110. 2 g (0. 81 moles) of o-isopropyl-
phenol was added in one portion. Dimethyl sulfate, 102 g (0. 81 moles) was added 
dropwise at a rate sufficiently slow to keep the temperature at or below zero de­
grees. The reaction mixture was kept at zero degrees for one hour after com­
pletion of the addition, then allowed to come to room temperature. The layers 
were separated and the aqueous layer was saturated with salt and extracted with 
three 100 ml portions of ether. The combined organic layers were dried over 
magnesium sulfate and the solvents were removed in vacuo. The resulting oil 
was distilled through a Claisen head, b.p. 105-107°C/23 m m Hg (lit. 122-4°C/ 
18 m m (20)). 
2-Isopropylcyclohexanone (V) 
This compound was prepared by a modification of the method of Stork 
et al (20). Approximately 500 ml of liquid ammonia was distilled into a dried 
3000 ml three-necked round-bottom flask fitted with a mechanical stirrer, drop­
ping funnel, and dry ice condenser and under positive nitrogen flow. Finely cut 
14 
lithium wire, 14. 0 g (2.1 moles) was added and the mixture was stirred for 30 
min. A solution of 75.0 g (0. 50 moles) of Compound IV in ca 200 ml of anhydrous 
tert-butyl alcohol was added dropwise over a ten minute period. The mixture was 
stirred for 2. 5 hrs, then 1200 ml of water was added as rapidly as possible. The 
reaction mixture was allowed to warm to room temperature and saturated with 
salt. The aqueous and organic layers were separated and the aqueous layer 
extracted with three 200 ml portions of ether. The combined organic layers were 
dried over magnesium sulfate and the solvents removed in vacuo. The crude pro­
duct was added to 500 ml of ice cold five percent hydrochloric acid and heated to 
90° C over a 20 min period. The mixture was saturated with salt and the layers 
separated. The aqueous layer was saturated with salt and extracted with four 
50 ml portions of ether. The combined organic layers were dried over magnesium 
sulfate and the solvents removed in vacuo. The crude mixture was dissolved in 
ca 150 ml of 95 percent ethanol, 0. 5 g of five percent palladium on charcoal added 
and the mixture placed on a Parr shaker under 45 psi of hydrogen and shaken for 
two hours. The catalyst was removed by filtration and 23. 0 g (0.0093 moles) of 
Girard's T Reagent added. The reaction mixture was refluxed for one hour and 
cooled to room temperature, then poured into a mixture of 250 ml each of ether 
and water. The layers were separated and the ether layer extracted with two 50 
ml portions of water. Concentrated hydrochloric acid, 40 ml, was added to the 
combined water layers and the aqueous solution heated for 30 min on a steam bath. 
The mixture was cooled to room temperature and extracted with four 75 ml por­
tions of ether. The combined ether layers were washed with two 50 ml portions 
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of saturated sodium bicarbonate solution and dried over magnesium sulfate. The 
solvents were removed in vacuo and the product distilled through a four inch 
Vigreaux column to give 14.2 g (21 percent) of V, b .p . 90-91/19 mm Hg. (lit. 
78-82°C/lO mm Hg (23) ). 
2,4 >4-Trimethylcyclohex-2-en-l-one (VI) 
A dried 250 ml three-necked round-bottom flask was fitted with a magnetic 
s t irrer bar and dropping funnel and was placed under positive nitrogen flow. The 
pyrollidine enamine of isobutraldehyde (24), 45. 0 g (0. 32 moles) was added to the 
o 
flask and cooled to -5 C with an ice salt bath. Ethyl vinyl ketone (25), 31. 0 g 
(0. 36 moles) was added dropwise at a rate sufficiently slow to keep the reaction 
temperature below 2°C. The reaction was stirred for one hour at ice bath temper­
ature after the addition was complete. A solution of 30 percent sulfuric acid, 300 
ml, was added and the mixture stirred for 14 hrs at room temperature. The layers 
were separated and the aqueous layer extracted with three 50 ml portions of ether. 
The combined organic layers were washed with two 50 ml portions of saturated 
bicarbonate and dried over anhydrous magnesium sulfate. The solvents were 
removed in vacuo and the product distilled through a six inch Vigreaux column 
yielding 36. 2 g (82 percent) of VI, b .p . 73-74°C/17 mm Hg (lit 81-82°C/20 mm 
Hg) (26). 
2,2,4-Trimethylcyclohexanone (VII) 
Compound VII was prepared by catalytic hydrogenation of Compound VI. 
A solution of Compound VI, 15. 0 g (0.108 moles) in ca 250 ml of 95 percent 
16 
ethanol was added to 0. 5 g of 10 percent palladium on charcoal. The mixture 
was placed on a Parr shaker at 45 psi of hydrogen for 45 min. The catalyst was 
removed by filtration and the solvents removed in vacuo. Distillation through a 
o 
four inch Vigreaux column gave 14. 2 g (93 percent) of VII, b. p. 74-75 C/21 mm 
Hg (lit. 87-89°C/30 mm) (26). 
2,2,4,4-Tetramethylcyclohexanone (VIII) 
Anhydrous liquid ammonia, ca 500 ml was distilled into a 1000 ml three-
necked round-bottom flask fitted with a mechanical s t irrer , and dry ice condenser 
and under positive nitrogen flow. Finely cut lithium wire, 0. 36 g (0. 051 moles) 
was added and the mixture stirred for 30 min. A solution of Compound VI, 2. 76 
g (0. 02 moles) and anhydrous tert-butyl alcohol, 1. 76 g (0. 02 moles) in 50 ml 
anhydrous ether was added dropwise over 40 min. When the addition was com­
plete, the mixture was stirred for 30 min, then 300 ml of anhydrous ether was 
added. A solution of 17. 04 g (0.12 moles) of freshly distilled methyl iodide in 
50 ml of anhydrous ether was added dropwise over 30 min. The reaction mixture 
was stirred for one hour. The dry ice condenser was replaced with an air con­
denser and the ammonia allowed to evaporate. Water, 200 ml, was added and 
the aqueous and organic layers were separated. The product was distilled 
through a four inch Vigreaux column to give 1. 60 g (46 percent) of VIII, b. p. 
81-83°C/17 mm Hg. 
Compound VIII had an ir absorption at 5. 85 (C=0) and exhibited the 
following nmr spectrum: 2. 2-2. 5 (broad absorption, 2H), 1. 5-1. 85 (broad 
17 
absorption, 4H), 1.07 (s, 6H), 1.08 (s, 6H). 
Anal. C, H O Calcd: C, 77.86; H, 11.75 
10 18 
Found: C, 77.62; H, 11.59 
2-Methylcyclopentanone (DC) 
This compound was prepared by a method similar to that of Bouveault (27). 
A mixture of 210 g (1.35 moles) of 2-carbethoxycyclopentanone and 240 g (1.69 
moles) of methyl iodide was placed in a 2000 ml three-necked round-bottom flask 
fitted with a mechanical s t irrer and dropping funnel. The flask was capped with 
o 
a calcium chloride tube and the mixture was cooled with stirring to -5 C. A 
solution of sodium ethoxide, prepared by dissolving 31. 0 g (1. 35 moles) of sodium 
metal in ca_ 800 ml of absolute ethanol was added dropwise at a rate sufficiently 
slow to keep the reaction temperature below zero degrees. When the addition 
was complete, the reaction mixture was allowed to warm to room temperature 
a n d s t i r r e d o v e r n i g h t . T h e s o l v e n t s w e r e r e m o v e d i n v a c u o a n d t h e s o d i u m i o d i d e 
formed was removed by filtration. The crude methylation product was added to 
a solution of 80 g (1.43 moles) of potassium hydroxide in ca_ 800 ml of water and 
refluxed with stirring for 24 hrs. The reaction mixture was cooled, the layers 
separated and the aqueous layer extracted with three 100 ml portions of ether. 
The combined organic layers were dried over magnesium sulfate and the solvents 
removed in vacuo. Distillation at reduced pressure through a four inch Vigreaux 
column gave 78. 82 g (62 percent) of DC, b .p . 43-45°C/18 mm Hg (lit 136°C/atm) 
(27). 
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2,5-Dimethylcyclopentanone (X) 
A dried 1000 ml three-necked round-bottom flask fitted with a mechanical 
s t irrer and dropping funnel was charged with 38. 2 g (0. 24 moles) of 2-carbethoxy-
5-methylcyclopentanone (28) and 40. 0 g (0.282 moles) of methyl iodide and cooled 
o 
to -5 C with an ice salt bath. A solution of sodium ethoxide, prepared by dis­
solving 5.6 g (0. 24 moles) of sodium metal in 80 ml of absolute ethanol was added 
dropwise at a rate sufficiently slow to maintain the reaction temperature at or 
below zero degrees C. When the addition was complete, the reaction mixture 
was stirred for one hour and the solvents were removed in vacuo. The sodium 
iodide formed in the alkylation was removed by filtration and the crude product 
added to 250 ml of five percent sodium hydroxide and refluxed for 70 hrs . The 
mixture was cooled to room temperature and the layers separated. The aqueous 
layer was saturated with salt and extracted with two 50 ml portions of ether. The 
combined organic layers were dried over anhydrous magnesium sulfate and dis­
tilled through a six inch Vigreaux column giving 15.98 g (59 percent) of X, b .p . 
141-43°C (lit. 145-47°C)(29). 
Phenyllithium 
Phenyllithium was prepared by the method of Gilman (30). A dried 500 
ml three-necked round-bottom flask was fitted with a mechanical s t irrer drop­
ping funnel and reflux condenser. Anhydrous ether, 100 ml, was charged into 
the flask and 7.29 g (1. 05 moles) of finely cut lithium wire was added. A solu­
tion of 78.5 g (0. 5 moles) of freshly distilled bromobenzene in 200 ml of anhydrous 
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ether was added dropwise at a rate sufficiently rapid to maintain the stirred 
reaction mixture at reflux temperature. After the addition was complete, the 
mixture was refluxed overnight. The mixture was filtered through glass wool 
to remove the lithium bromide formed and stored in a freezer. 
General Procedure for Generation and 
Acetic Anhydride Trapping of Lithium Enolates 
A dried 500 ml three-necked round-bottom flask fitted with a mechanical 
s t irrer , dropping funnel, reflux condenser, and a stopcock at the bottom was 
placed under positive nitrogen flow. A weighed amount of triphenylmethane was 
placed in the flask and freshly distilled anhydrous 1, 2-dimethoxyethane added. 
When the triphenylmethane had dissolved, an equivalent amount of an ether solu­
tion of phenyllithium was added and mixture stirred until a negative Gilman test 
for phenyllithium was achieved (31). The desired amount of the ketone being 
investigated was added. In the case of equilibrium enolates, the ketone was 
added dropwise neat. When generation of a kinetic enolate was desired, the ke­
tone was added dropwise as a ca 10 percent solution in anhydrous 1,2-dimethoxy-
ethane. Solutions of kinetic lithium enolates were stirred for one hour at room 
temperature prior to quenching. Equilibrium lithium enolate solutions were 
stirred for three hours at reflux, then overnight at room temperature prior to 
quenching. 
The lithium enolate solutions were quenched by dropwise addition to a 
large excess (ca 10 fold) of acetic anhydride according to the procedure of 
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Ringold and Malnotra (32). The mixture was stirred for 30 min, then poured 
into a heterogeneous mixture of saturated sodium bicarbonate and hexane at 10°C. 
The mixture was stirred at 10°C and solid sodium bicarbonate added until evolu­
tion of carbon dioxide ceased. The solids were removed by filtration and the 
layers separated. The aqueous layer was extracted twice with ether and the 
combined organic layers dried over magnesium sulfate. Solvents were removed 
in vacuo and the resulting oils distilled through a short path head at reduced 
pressure. 
General Procedure for Generation and 
Acetic Anhydride Trapping of Potassium Enolates 
A flask having a stopcock at the bottom such as that used in the generation 
of lithium enolates was fitted with a mechanical s t irrer and dry ice condenser and 
placed under positive nitrogen flow. A known amount of triphenylmethane was 
placed in the flask and dissolved in a minimum amount anhydrous 1, 2-dimeth-
oxyethane (DME). Several milliliters of 1, 3-butadiene were distilled into the 
flask and a quantity of finely cut potassium equivalent to the amount of triphenyl­
methane employed was added. The mixture was stirred for two hours and 
additional DME added to bring the tritylpotassium solution to the desired concen­
tration. Ketone addition, quenching with acetic anhydride and workup were per­
formed in a manner identical to that described for lithium enolates. 
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Kinetic Lithium Enolates of 
2-Ethylcyclohexanone (III) 
Using the general procedure previously described, a solution of 1.14 g 
(0.091 moles) of 2-ethylcyclohexanone was added to a solution of triphenylmethyl-
lithium prepared from 4. 88 g (0. 02 moles) of triphenylmethane. Short path dis­
tillation gave 1.14 g (61) percent) b. p. 93-97°C/19 mm Hg of a mixture of enol 
acetates of 2-ethylcyclohexanone. Product ratios as determined by nmr showed 
that the less substituted enol acetate predominated. 
Less substituted enol acetate (XI) 94.4 percent 
More substituted enol acetate (XII) 5.6 percent 
A repeat of the above reaction and analysis of the product mixture by vpc 
(10 foot x 1/4 inch Dow 550 on firebrick column, 190°C) showed 
Less substituted enol acetate XI 97. 7 percent 
More substituted enol acetate XII 1. 3 percent 
Average of two runs: 
XI 96.1 percent 
XII 3.9 percent 
Compounds XI and XII were identified from their nmr spectra. Compound 
XI exhibited the following spectrum: 6 5. 25 (m, IH), 1. 06-2.47 (broad absorption, 
9H), 2.02 (s, 3H), 0.88 (t, 3H, J=6.5 Hz). The nmr spectrum of XII exhibited 
the following absorptions: 6 2.07 (s,3H), 1.41 - 2.78 (broad absorption, 10H), 
0.91 (t, 3H, J= 7.5 cps). These spectra were determined on samples purified 
by preparative vpc on the above column. 
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Calcd. C, 71.39; H, 9.59 
Found XI C, 71.48; H 9.70 
XII C, 71.62; H 9.70 
Equilibrium Lithium Enolates 
of 2-Ethylcyclohexanone (III) 
The general procedure previously described was employed. A solution 
of triphenylmethyllithium was prepared from 4. 88 g (0. 02 moles) of triphenyl-
methane and titrated to a clear endpoint with 2-ethylcyclohexanone. The ketone 
uptake was 1. 93 g (0. 0153 moles). A 25 percent excess (0.47 g) of 2-ethylcyclo­
hexanone was added. 
This mixture was processed in the usual manner to give a pale yellow oil 
which had b. p. 80-98°C/17 mm Hg and was a mixture of compounds III, XI and 
XII. The yield of enol acetates as determined by vpc using methyl benzoate as 
an internal standard was 31 percent. Analysis of the enol acetates by vpc showed: 
XI, 20. 3 percent 
XII, 79. 7 percent 
The above reaction was repeated. Product ratios were 
XI, 19. 2 percent 
XII, 80. 8 percent 
Average of two runs: 
XI, 19. 7 percent 
XII, 80. 3 percent 
AnaL C 1 Q H 1 6 0 2 
23 
Kinetic Potassium Enolates 
of 2-Ethylcyclohexanone (III) 
The general procedure for the preparation of potassium enolate mixtures 
was employed. Triphenylmethylpotassium was prepared from 4. 88 g (0. 02 moles) 
of triphenylmethane and 0.78 g (0. 02 moles) of potassium metal. A solution of 
1.1 g (0. 0087 moles) of 2-ethylcyclohexanone in ca 15 ml anhydrous DME was 
added dropwise. When the addition was complete, the reaction was stirred for 
one hour at room temperature, quenched and processed in the usual manner. 
Short path distillation gave 0. 82 g (52 percent) of a mixture of enol acetates XI 
and XII, b.p. 94-100°C/19 mm Hg. Analysis of the mixture by vpc showed: 
XI 66.7 percent 
XII 33. 3 percent 
The above sequence was repeated and gave: 
XI 67. 9 percent 
XII 32.1 percent 
Average of two runs: 
XI 67. 3 percent 
XII 32. 7 percent 
Equilibrium Potassium Enolates 
of 2-Ethylcyclohexanone (III) 
Triphenylmethylpotassium was prepared according to the general procedure, 
using 4. 88 g (0. 02 moles) of triphenylmethane and 0. 78 g (0. 02 moles) of potassium 
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metal. The solution was diluted with 60 ml of anhydrous DME. Titration of the 
solution with neat 2-ethylcyclohexanone required 1. 80 g (0.143 moles) to reach 
a clear endpoint. A 25 percent excess (0.47 g) of the ketone was added. The 
mixture was processed according to the general procedure for equilibrium mix­
tures of potassium enolates. Short path distillation of the products gave 1. 35 g 
of an oil, b. p. 89-97°C/17 mm Hg. Yield of enol acetates, as determined by 
vpc (10 foot Dow 550 column, 190°C) was 25 percent. Product ratios were also 
determined by vpc and gave 
XI 48.3 percent 
XII 51. 7 percent 
A repeat of the above sequence showed 
XI 47. 2 percent 
XII 52. 8 percent 
Average of two runs 
XI 47.8 percent 
XII 52. 2 percent 
Alkylation of the Kinetic Lithium Enolates of 
2-Ethylcyclohexanone (V) with Methyl Iodide 
A dried 500 ml three-necked round-bottom flask was fitted with a mechani­
cal s t irrer and placed under positive nitrogen flow. Triphenylmethane, 4. 88 g 
(0. 02 moles) and 65 ml of anhydrous DME were added to the flask and stirred 
until the triphenylmethane dissolved. An equivalent amount of phenyllithium in 
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ether was added and the mixture was stirred for 30 min at which time a negative 
Gilman test for phenyllithium (31) was obtained. A solution of 1. 38 g (0. Oil 
moles) of V in 10 ml of anhydrous DME was added. The mixture was stirred for 
45 min and 14. 3 g (0.10 moles) of freshly distilled methyl iodide was added. The 
reaction mixture was stirred for 15 min and poured into 200 ml of water. The 
layers were separated, the aqueous layer extracted with three 50 ml portions of 
ether and the combined organic layers dried over magnesium sulfate. The sol­
vents were removed in vacuo and the product was distilled through a short path 
head, to give 1. 03 g of a clear oil b. p. 83-84°C/19 mm Hg. Analysis of the 
distillate by vpc (10 foot x 1/4 inch SE-30 onDiatoport 150°C) showed only one 
significant component, identified as 2-ethyl-6-methylcyclohexanone (XIII). Com­
pound XIII exhibited the following nmr spectrum: 6 1.10-2. 80 (broad absorption, 
10H), 0.97 (d, 3H, J=8Hz), 0.94 (t, 3H, J=6 Hz) 
Anal. C 8 H 1 4 ° C a l c d C, 77.08; H, 11.43 
Found C, 77.24; H, 11.35 
Kinetic Lithium Enolate of 
2-Isopropylcyclohexanone (V) 
The general procedure for generation and trapping of lithium enolates 
was employed. Triphenylmethyllithium was prepared from 4. 88 g (0. 02 moles) of 
triphenylmethane and 1. 50 g (0. 0107 moles) of 2-isopropylcyclohexanone added 
as a 10 percent solution in anhydrous DME. Short path distillation gave 1. 05 g 
(57 percent) of a pale yellow oil b .p . 97-99°C/21 mm Hg. This oil showed only 
a single component by vpc (10 foot x 1/4 inch SE-30 on Diatoport column) and 
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was further purified by preparative vpc. The oil was identified from its nmr 
spectrum as the less substituted enol acetate of 2-isopropylcyclohexanone (XIV). 
Compound XV exhibited the following spectral properties: 6 5. 30 (m, IH), 
2.0 (s, 3H, 1.26 - 2.60 (broad absorption, 8H, 1.0 (d, 3H, J=6. 5 Hz), 0.81 
(d, 3H, J=6.5 Hz). 
Anal. C H 0 o Calcd C, 73.03; H, 9.93 |—
""" 11 18 2 
Found C, 72.76; H, 10.01; 
C, 72.79; H, 9.94 
A repeat run of the above reaction gave compound XIV as the only enol acetate. 
Equilibrium Lithium Enolates of 
2-Isopropylcyclohexanone (V) 
The general procedure for generation and trapping of a lithium enolate 
mixture was followed. Triphenylmethane 4. 88 g (0. 02 moles) was treated with 
an equivalent amount of phenyllithium in ether. 2-Isopropylcyclohexanone was 
added neat; 2. 55 g (0. 0183 moles) were required to reach a clear endpoint. 
Excess ketone, 0. 63 g was added and the enolate mixture processed in the usual 
manner. Short path distillation of the product gave a 1. 93 g of a light yellow 
oil, b. p. 79-98°C/19 mm Hg. The oil was analyzed and collected by vpc (10 
foot x 1/4 inch SE-30 on Diatoport) 
XIV 19. 0 percent 
XV 81. 0 percent 
Compound XVI was identified from its nmr spectrum: 6 2. 02 (s, 3H), 1. 33 - 2. 32 
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(broad absorption 9H, 0.90 (d, 6H,J=7.0 Hz). 
Anal. C ^ H . O Calcd C, 73.03; H, 9.93 
——— n 18 2 
Found C, 72.77; H, 9.97 
The yield, as determined by vpc on the aforementioned column using methyl ben-
zoate as an internal standard, was 25 percent. A repeat of the above sequence 
of reactions gave 
XIV 24.7 
XV 75.3 
Average of two runs 
XIV 21.9 
XV 78.1 
Kinetic Potassium Enolates of 
2-Isopropylcyclohexanone (V) 
The general procedure for generation of potassium enolates was employed. 
Triphenylmethane, 4. 88 g (0. 02 moles) was dissolved in ca 15 ml of anhydrous 
DME. Approximately seven milliliters of butadiene was distilled into the flask 
and 0. 78 g (0. 02 moles) of finely cut potassium metal added. The mixture was 
stirred for 45 min, diluted with 60 ml of anhydrous DME, and 1. 35 g (0. 0096 
moles) of compound VI in ca 15 ml of anhydrous DME was added dropwise. The 
enolate solution was stirred for one hour, quenched, and processed in the usual 
manner. Short path distillation gave 0. 95 g (50 percent) of an enol acetate mix­
ture b. p. 92-95°C/13 mm Hg. Analysis of this mixture by vpc (10 foot x 1/4 inch 
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SE-30 on Diatoport column, 190°C) showed: 
XIV 79. 8 percent 
XV, 20. 2 percent 
A repeat run of the above reaction showed 
XIV 77.0 percent 
XV 23.0 percent 
Average of two runs: 
XIV 78. 9 percent 
XV 21.1 percent 
Equilibrium Potassium Enolates of 
2-Isopropylcyclohexanone (V) 
Triphenylmethylpotassium was prepared from 2.44 g (0. 01 moles) of 
triphenylmethane using the general procedure previously described. After dilu­
tion with 30 ml of anhydrous DME, titration with neat 2-isopropylcyclohexanone 
required 0. 5 g (0. 00286 moles) of ketone to reach a clear endpoint. Excess 
2-isopropylcyclohexanone, 0.12 g was added. The reaction mixture was stirred 
overnight and processed in the usual manner. Short path distillation of the pro-
o 
ducts gave an oil b. p. 84-96 C/16 mm Hg. Yield of enol acetates, as determined 
by vpc (10 foot x 1/4 inch SE-30 on Diatoport column, 200°) using methyl benzoate 
as an internal standard, was 26 percent. Analysis of the mixture by vpc on the 
same column showed: 
XIV, 34. 5 percent 
XV, 65. 5 percent 
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A repeat run of the above reaction showed 
XIV, 37. 0 percent 
XV, 61.0 percent 
Average of two runs: 
XIV, 36. 7 percent 
XV, 63. 3 percent 
Alkylation of the Kinetic Lithium Enolate of 
2-Isopropylcyclohexanone (V) with Methyl Iodide 
A dried 300 ml three-necked round-bottom flask was fitted with a mechan­
ical s t irrer and placed under positive nitrogen flow. Triphenylmethane, 4.88 g 
(0. 02 moles) and 75 ml of anhydrous DME were added to the flask and an equiva­
lent amount of ethereal phenyllithium added with a syringe. The mixture was 
stirred for 30 min at which time a negative Gilman test for phenyllithium was 
obtained (31). A solution of 1. 24 g (0. 089 moles) of 2-isopropylcyclohexanone 
in ca 20 ml of anhydrous DME was added dropwise. When the addition was com­
plete, the mixture was stirred for one hour. Ten milliliters of freshly distilled 
methyl iodide was injected in one portion and the reaction mixture was stirred 
for 15 min. The mixture was poured into 100 ml of water, the layers were 
separated, and the aqueous layer was extracted with three 30 ml portions of 
ether. The combined organic layers were dried over magnesium sulfate and the 
solvents removed in vacuo. Short path distillation gave 0. 81 g (60 percent) of a 
yellow oil b.p. 93-95°C/17 mm Hg. This oil was further purified by preparative 
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vpc (10 foot x 1/4 inch SE-30 on Diatoport, 175°C) and identified from its nmr 
spectrum as 2-isopropyl-6-methylcyclohexanone (XVI). 
Compound XVI exhibited the following nmr spectrum: 6 1. 32-2. 75 
(broad absorption, 9H), 0.96 (d, 3H, J=6. 5 Hz), 0.91 (d, 3H, J=6.5 Hz), 0.88 
(d, 3H, J=5.5 Hz). 
Anal. C 1 0 H i g 0 Calcd C, 77. 86; H, 11.75 
Found C, 78.06; H, 11.64 
Equilibrations of Enol Acetate Mixtures 
Enol acetate mixtures were equilibrated by a modification of the method 
of House and co-workers (1,2). A small sample (50 to 100 mg) of a mixture of 
enol acetates derived from a given compound was collected by preparative vpc 
and placed in a six millimeter glass tube sealed off at one end. A few crystals 
of p-toluenesulfonic acid, dried by azeotropic removal of water with benzene 
were added and the tubes sealed. The sealed tubes were heated in an oil bath at 
100° + 5°C for 14 hours. Analysis of the mixtures was performed as previously 
described. 
A mixture of XI and XII so treated showed: 
XI, 2 percent 
XII, 98 percent 
A mixture of XIV and XV treated according to the above procedure was 
shown to consist only of XIV. 
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Apparent Kinetic Lithium Enolates of 
2 ,4 ,4-Trimethylcyclohexanone (VII) 
Triphenylmethyllithium was prepared according to the general procedure 
previously described using 4. 88 g (0. 02 moles) of triphenylmethane. A solution 
of 1.24 g (0.0089 moles) of 2 ,4,4-trimethylcyclohexanone in 15 ml of anhydrous 
DME was added dropwise. The reaction mixture was s t i r r e d for one hour after 
the addition and processed in the usual manner. Some solids were noted in the 
unquenched reaction mixture: the conditions were designated apparent kinetic 
control as suggested by House (2). The enol acetate mixture derived from 
2,4,4-trimethylcyclohexanone was not separated on any of several vpc columns. 
Product rat ios were determined from integration of the n m r spectrum of sample 
of the enol acetate mixture collected by preparat ive vpc (10 foot x 1/4 inch SE-30 
on Diatoport, 170°C). 
The less substituted enol acetate XVII exhibited the following n m r spec­
trum: 6 4.87 (m, IH), 8.05 (s, 3H), 1.10=2.13 (broad absorption, 6H), 0.99 
(s, 6H), 0.94 (d, 3H, J=8.5 Hz). 
The more substituted enol acetate XVIII exhibited the following nmr spec­
trum: 82.06 (s, 3H), 61 .22-2 .30 (broad absorption, 6H), 6 1.45 (s, 3H), 6 0.95 
(s, 6H). 
These spectra were obtained on the enol acetate mixtures . Integration 
of the nmr spectrum of the above mixture showed: 
XVII 92. 5 percent 
XVIII 7. 5 percent 
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The yield enol acetate was 1. 08 g (64 percent) b . p . 87-89°C/22 mm Hg. 
A repeat run of the above reaction showed: 
XVTI 95.4 percent 
XVIII, 4. 6 percent 
Average of two runs: 
XVII, 93.9 percent 
XVIII, 6 .1 percent 
Equilibrium Lithium Enolates of 
2 ,4,4-Trimethylcyclohexanone (VII) 
The general procedure for generation and trapping of l ithium enolates 
was employed. Triphenylmethane, 2.44 g (0. 01 moles) was used. Titration of 
neat Compound VQ required 1.12 g (0. 008 moles) to reach a c lear endpoint. Ex­
cess ketone, 0.23 g was added and the mixture processed according to the standard 
procedure for mixtures of equilibrium lithium enolates. 
Analysis of product rat io by nmr showed no absorption in the vinyl region 
of the spectrum indicating that only Compound XVIII was present . Because of the 
inherent l imitations of the analytical method the approximate product rat ios were 
designated. 
XVEI < 5 percent 
XVIII >95 percent 
This determination was verified by a repeat run of the above react ion. 
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Kinetic Potassium Enolates of 
2,4,4-Trimethylcyclohexanone (VII) 
Triphenylmethylpotassium was prepared according to the standard procedure 
previously described. Triphenylmethane, 2.44 g (0. 01 moles) and 0.39 g (0. 01 
moles) of potassium metal was used. A solution of 0. 77 g (0. 0053 moles) of com­
pound VII was added dropwise and the reaction mixture processed in the usual 
manner. Short path distillation of the products gave 0. 62 g (63 percent) of an 
enol acetate mixture b.p. 84-86°C/l9 mm Hg. Analysis of the mixture by nmr 
showed: 
XVE, 64.5 percent 
XVIII, 35.5 percent 
A repeat run of the above reaction gave: 
XVII, 61.4 percent 
XVEI, 38. 6 percent 
Average of two runs: 
XVII, 62.9 percent 
XVIII, 37.1 percent 
Equilibrium Potassium Enolates of 
2,4,4-Trimethylcyclohexanone (VII) 
The general procedure for the preparation and trapping of potassium eno­
lates was employed using 2.44 g (0. 01 moles) of triphenylmethane and 0.39 g 
(0. 01 moles) of potassium metal. Titration of neat 2,4,4-trimethylcyclohexanone 
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required 1.12 g (0. 008 moles) to reach a c lear endpoint. A 25 percent excess of 
VII, 0.28 g, was added and the mixture processed in the usual manner . Short 
path distillation of the products gave an oil, b . p . 75-90°C/21 m m Hg. An aliquot 
of the enol acetate mixture was collected by preparat ive vpc (10 foot x 1/4 inch 
SE-30 on Diatoport, 150°C) and analyzed by n m r . Product rat ios were 
XVII, 86. 3 percent 
XVHI, 13. 7 percent 
A repeated run of the above reaction showed: 
XVH, 84. 3 percent 
XVHI, 15.7 percent 
Average of two runs: 
XVH, 85.3 percent 
XVHI, 14.7 percent 
Alkylation of the Kinetic Lithium Enolates of 
2, 4, 4-Trimethylcyclohexanone with Methyl Iodide 
Triphenylmethyllithium was prepared from 4. 88 g (0. 02 moles) of t r i ­
phenylmethane as described. A solution of 1.45 g (0.103 moles) of compound VH 
in 15 ml of anhydrous DME was added dropwise and the mixture was s t i r r e d for 
one hour. Eight mi l l i l i ters of methyl iodide was added in one portion and the mix­
ture was s t i r r e d for 15 min. The solution was poured into 100 ml of water , the 
layers were separated and the aqueous layer was extracted with three 30 ml por ­
tions of ether. Solvents were removed in vacuo and the products distilled through 
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a short path head to give 1. 03 g (43 percent) of a c lear oil that was identified as 
2 , 4 , 4 , 6-tetramethylcyclohexanone (XLX) by comparison with an authentic sample. 
Compound XLX exhibited the following spectral propert ies : i r (CCl^) 5. 85 JJ, (C=0); 
n m r 6 1 .42-2.25 (broad absorption, 6H), 1.27 (s, 3H), 0.97 (s, 3H), and 0.9 
(d, 6H, J=7.0 Hz). 
Alkylation of the Equilibrium Lithium Enolates of 
2 ,4 ,4-Trimethylcyclohexanone (VII) with Methyl Iodide 
The equil ibrium lithium enolates of Compound VII were generated using 
4. 88 g (0. 02 moles) of triphenylmethane as previously described. The mixture 
was quenched by addition of 10 ml of freshly distilled methyl iodide in one portion. 
The mixture was s t i r r e d for 15 min and poured into 100 ml of water. The layers 
were separated and the aqueous layer extracted with three 50 ml portions of e ther . 
The combined organic layers were dried over magnesium sulfate and the solvents 
were removed in vacuo. The products were distilled through a short path head 
giving 1.23 g of a c lear oil, b . p . 79-84°C/21 mm Hg. Only one monoalkylation 
product, identified as 2 ,2 ,4 ,4-tetramethylcyclohexanone (VIII) by comparison 
with an authentic sample, was present . 
Kinetic Lithium Enolates of 
2-Methylcyclopentanone (IX) 
The general procedure for generation and trapping of lithium enolates 
was employed. Triphenylmethane, 9.96 g (0. 04 moles) was used. Tetrahydro-
furan (THF), freshly distilled from lithium aluminum hydride, was used as the 
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solvent. A solution of 1.92 g (0. 0196 moles) of Compound DC in THF was added 
dropwise and the mixture processed in the usual manner. Short path distillation 
of the products gave an oil b. p. 54-58°C/31 mm Hg. An aliquot of this oil was 
separated and collected by preparative vpc (10 foot x 1/4 inch Dow 550 on Firebrick, 
160°C) and had identical spectral properties with the two enol acetates reported by 
House and Trost (2). Product ratios, as determined by vpc analysis on the above 
column showed: 
XX, less substituted enol acetate, 80.5 percent 
XXI, more substituted enol acetate, 19.5 percent 
A repeat of the above reaction showed: 
XX, 74 percent 
XXI, 26 percent 
Average of two runs: 
XX, 77.3 percent 
XXI, 22.7 percent 
Alkylation of the Kinetic Lithium Enolates of 
2-Methylcyclopentanone with Methyl Iodide 
Triphenylmethane, 7.47 g (0.03 moles) was placed in a dried, nitrogen 
swept 300 ml three-necked round-bottom flask equipped with a mechanical s t irrer . 
Tetrahydrofuran, 100 ml, was added, followed by an ethereal solution of phenyl­
lithium containing ca 0. 03 moles of phenyllithium. The mixture was stirred for 
30 min. 2-methyl-cyclopentanone, 2. 08 g (0. 0211 moles) was added dropwise 
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and the reaction mixture was stirred for 30 min. Ten milliliters of freshly 
distilled methyl iodide was added and the mixture stirred for 15 min and processed 
in the usual manner. Distillation of the products through a four inch Vigreaux 
column gave 1.48 g of a clear oil, b. p. 49-51°C/22 mm Hg. Analysis of the 
mixture showed: 
2, 2 dimethylcyclopentanone (XXII), 27. 5 percent 
2,5 dimethylcyclopentanone (X), 72.5 percent 
Compound X was identified by comparison with an authentic sample. 
Compound XXII had been reported by Haller and Cornubert (33) and was identified 
from its nmr spectrum: 6 2.18 - 1.62 (broad absorption, 6H), 0.90 (s, 6H). 
Repeated runs of the above reaction with enolate generation at -8°C and 
-78°C did not effect the product ratios within + 5 percent. 
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CHAPTER IV 
DISCUSSION OF RESULTS 
As indicated in Chapter I, this research consisted of three divisions. 
These divisions will be discussed in the sequence: synthesis of the starting 
ketones; generation and trapping of enolates mixtures and alkylation of lithium 
enolates. 
The synthesis of 2-ethylcyclohexanone (HI), 2-isopropylcyclohexanone 
(V), 2,4,4-trimethylcyclohexanone (VTI) and 2-methylcyclopentanone (IX) were 
all accomplished by published procedures or modifications thereof. 
2-Ethylcyclohexanone (ni) was prepared by Birch reduction of o-ethyl-
aniline according to the procedure of Stork and co-workers (20). The reduction, 
as shown in Equation 15 gives a mixture of enamines of 2-ethylcyclohexanone and 
2-ethylcyclohex-2-en-l-one. The enamines were hydrolysed to the desired ketones 
under acidic conditions and the enone hydrogenated to the desired ketone. 
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Compound V was prepared by Birch reduction of O-isopropylanisole (IV), 
as described by Stork (20). The reduction gave a mixture of enol e thers , as 
shown in Equation 16. Acid hydrolysis of these enol e thers , followed by 
catalytic hydrogenation gave a mixture of the des ired 2-isopropylcyclohexanone 
(V) and unreduced Compound IV. The mixture proved to be inseparable by f r a c ­
tional distillation but was separated cleanly by use of Girard ' s T Reagent. 
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The preceding two examples, and the additional data of Stork (20) indicate 
that reduction of anilines is to be preferred over reduction of anisoles as a syn­
thetic route to cyclohexanones. The reasons for preference of aniline reduction 
is that unreacted start ing mater ia l can be washed away from the ketonic products 
with aqueous acid, while a more involved procedure is required to remove u n r e ­
acted anisoles from their reduction products . 
2 ,4 ,4-Trimethylcyclohexanone (VII) was prepared in a three step sequence 
from the pyrollidine enamine of isobutraldehyde (24). Condensation of this enamine 
(XXIII) with ethyl vinyl ketone (25) followed by an acid catalysed cyclization gave 
2 ,4 ,4 - tr imethylcyc lohex-2-en- l -one (VI). Catalytic hydrogenation gave the des ired 
compound VII as shown in Equation 17. 
XXIII VI vn 
Compound IX, 2-methylcyclopentanone, was prepared by a modification 
of the method of Bouveault (27) as shown in Equation 18. 
rx 
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Methylation of 2-carbethoxycyclopentanone gave 2-methyl-2-carbethoxycyclo-
pentanone. It was observed that on refluxing with aqueous sodium or potassium 
hydroxide, the methylated ketoester lost carbon dioxide to give the desired ketone 
(LX). 
Ketones may be converted quantitatively to lithium and potassium enolates 
by triphenylmethyllithium and triphenylmethylpotassium respectively (2). When 
an unsymme tr i e ally substituted ketone, such as a 2-alkylcyclohexanone is reacted 
with one of the above bases , two enolates can be generated, as shown in Equation 19. 
o 0 ~ m+ c r M+ 
It has been shown that enolate mixtures may be trapped with acetic anhy­
dride to form relatively stable enol acetates (1, 19). By trapping enolate mixtures , 
it is possible to determine the rat io between the two enolates present . 
Caine and Huff (33) and House and Kramar (1) have determined the com­
position of enolate mixtures derived from 2-methylcyclohexanone under several 
conditions. Results a r e given in Chart 2. 
In Chart 2 and the following discussion, the t e r m kinetic conditions is 
defined as a situation where excess triphenylmethyl carbanion is present . Kinetic 
enolate mixtures had a deep, blood red color character i s t i c of the triphenylmethyl 
carbanion. The t e r m equilibrium conditions r e f e r s to a situation where the ketone 
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XXV XXVI 
Metal 
Lithium 
Lithium 
Potass ium 
Potass ium 
Conditions 
Kinetic 
Equil ibrium 
Kinetic 
Equil ibrium 
XXV, percent XXVI, percent 
86 14 
10 90 
70 
ca 35 
30 
ca 65 
(33) 
(33) 
( 1) 
( 1) 
Chart 2. Enolate Compositions of 2-Methylcyclohexanone in DME 
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being studied is in excess . Solutions of equilibrium enolates were c lear and 
slightly yellow in color. 
The s ter ic effects on the position of enolization of 2-alkylcyclohexanones 
was studied by the generation and trapping of enolate mixtures derived from 
2-ethyl-cyclohexanone (IV), 2-isopropylcyclohexanone (V) and 2 , 4 , 4 - t r i m e t h y l -
cyclohexanone (VII). The resu l t s a r e given in Chart 3. 
Equilibration of the enol acetate mixtures with p-toluene sulfonic acid 
showed that the values given in Chart 3 a r e not those of equilibrated enol ace ­
tate mixtures . 
The general trend indicated in Chart 3 is that as the s ter ic bulk of the 
substituent at C-2 increases , proton removal at C-2 becomes less favorable with 
respect to proton removal at C-6. The conformation of a 2-alkylcyclohexanone 
with the alkyl group equitorial would be 
expected to be pre ferred (35). This conformation is shown in Figure 1. Axial 
proton removal , shown in Figure 2 is favored since removal of the axial proton 
gives a system in which there is continuous overlap of p-orbi ta ls of the carbonyl 
group and the alpha carbon (36). 
Since the base used in these studies is very bulky, interactions with the 
Figure 1 Figure 2 
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XXVa XX Via 
R l R 2 R 3 Metal Conditions XXVa, percent XXVIa, percent 
° 2 H 5 H H Lithium Kinetic 97.3 + 2 2 . 7 + 2 
C 2 H 5 H H Lithium Equilibrium 19.7 + 1 8 0 . 3 + 1 
C 2 H 5 H H Potass ium Kinetic 67.3 + 2 3 2 . 7 + 2 
C 2 H 5 H H Potass ium Equilibrium 47.8 + 2 5 2 . 2 + 2 
H H Lithium Kinetic 100 0 
H H Lithium Equilibrium 21.9 + 3 78 .1 + 3 
H H Potass ium Kinetic 78.4 + 3 21.6 + 3 
^3*7 
H H Potass ium Equilibrium 36.7 + 3 63.3 + 3 
C H 3 C H 3 C H 3 Lithium Kinetic 93.9 + 2 6 . 1 + 2 
C H 3 C H 3 C H 3 Lithium Equil ibrium <5 
> 95 
C H 3 C H 3 C H 3 Potass ium Kinetic 62.9 + 2 37 .1 + 2 
C H 3 C H 3 C H 3 Potass ium Equilibrium 14.7 + 1 8 5 . 3 + 1 
Chart 3. Enolization of Some 2-Alkylcyclohexanones 
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group at C-2 appear to force the base preferentially attack the axial proton at 
C-6. This phenomenon explains the increasing proton removal at C-6 as the 
bulk of the substituent at C-2 increases. 
When the enolate mixtures were allowed to equilibrate, the general trend 
was to increasingly favor the more substituted enolate. Such an occurence can 
be rationalized in terms of the generalization that the most substituted double 
bond is the most stable. 
The observation that, in most cases, the lithium enolate shows a greater 
preference for one isomer than does the corresponding potassium enolate has 
been explained on the grounds that the lithium-oxygen bond is more covalent than 
the potassium oxygen bond. The increased covalency in the lithium case causes 
the double bond in the enolate anion to have more olefinic character (1). 
The anomalous preference of the equilibrium potassium enolate for its 
more substituted isomer in the case of 2-isopropylcyclohexanone may be caused 
by interaction of the rather large potassium cation with the bulky isopropyl group. 
In the more substituted enolate, the substituent would be at its maximum possible 
distance from the oxygen atom. 
In the case of 2,4,4-trimethylcyclohexanone, the axial methyl group at 
C-4 has a large effect on the position of enolization. This effect can be accomo­
dated by invocation of steric interactions between the bulky base and the axial 
4-methyl group. While these interactions would affect both the C-2 and C-6 sites, 
the proton at C-2 would be in a more hindered environment because of the presence 
of the C-2 methyl. 
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The kinetic lithium enolates of 2-methylcyclopentanone were studied in 
tetrahydrofuran (THF). Similar studies in DME were performed by House and 
Trost (19). Comparative results are given in Chart 4. 
The slight difference in the results given in Chart 4 is likely due to the 
different solvents employed. 
Enolization of 2-methylcyclopentanone was performed at lower temperatures: 
-8°C (ice salt bath) and -78°C (dry ice-acetone slurry). Tetrahydrofuran was em­
ployed as the solvent. It was hoped that by lowering the temperature, the percent 
of deprotonation at C-2 would be lowered. The enolate mixtures were trapped 
with methyl iodide. Results were comparable to enolizations performed at room 
temperature. Apparently energies of activation for proton removal are not suffi­
ciently different for the temperature difference to be a factor in position of 
deprotonation. 
The kinetic lithium enolates of all ketones studied and the equilibrium 
lithium enolates of 2,4,4-trimethylcyclohexanone were alkylated with methyl 
iodide. Results were similar to those obtained by trapping the same enolates 
with acetic anhydride, provided the methyl iodide was distilled immediately prior 
to use. Use of undistilled methyl iodide gave variable results. The products of 
these alkylations are tabulated in Chart 5 . 
As indicated in Chart 5, the alkylation of kinetic lithium enolates is a 
potentially useful synthetic route to 2, 6-dialkylcyclohexanones, provided that 
the alkyl substituent present is large enough to cause proton removal to occur 
almost exclusively at C-6. When the above kinetic lithium enolates were alkylated 
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XX XXI 
Solvent XX, percent XXI, percent 
THF a 77.3 + 2 22.7 + 2 
DME b 72 28 
a) observed values 
b) reference 2 
Chart 4. Kinetic Lithium Enolates of 2-Methylcyclopentanone 
in THF and DME 
n i v vii rx 
Ketone Conditions 2,2 Dialkyl 2,6 (or 2, 5) 
ketone, percent dialkyl ketone, 
percent 
III Kinetic 0 100 
V Kinetic 0 100 
VII Kinetic 0 100 
VTI Equilibrium 100 0 
K Kinetic 27. 5 + 2 72.5 + 2 
Chart 5. Alkylation of Some Lithium Enolates with Methyl Iodide 
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with methyl iodide, no start ing mater ia l was recovered. The alkylation of 
equilibrated lithium enolates suffers from the disadvantage that the excess s t a r t ­
ing ketone used to effect enolate equilibration must be separated from the alkyla­
tion products . 
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CHAPTER V 
CONCLUSIONS 
As the s ter ic bulk of the alkyl substituent of a 2-alkylcyclohexanone 
increases , kinetically controlled proton removal at C-6 by triphenylmethyllithium 
becomes increasingly favored. 
The presence of an axial 4-methyl group on a 2-alkylcyclohexanone l ike­
wise favors kinetically controlled proton removal at C-6 by triphenylmethyllithium. 
The observation of Stork (15) that lithium enolates equilibrate slowly with 
respec t to react ion with alkylating agents extends to the systems studied. 
The potassium enolates derived from the ketones studied equilibrate much 
more rapidly than do the corresponding lithium enolates. 
The alkylation of kinetic lithium enolates with methyl iodide r e p r e s e n t s a 
potentially useful route to 2-alkyl-6-methylcyclohexanones in cases where C-2 
proton removal is sufficiently hindered. 
Alkylation of equilibrium lithium enolates with methyl iodide suffers from 
the difficulty that an excess of s tart ing ketone is used to effect the equilibration 
and must be separated from the methylated product. This cannot generally be 
accomplished by simple means . 
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CHAPTER VI 
RECOMMENDATIONS 
The effect of an alkyl group at the three positions, such as 3-methylcyclo-
hexanone and menthone, which theoretically would hinder the protons at C-2, 
should be studied. 
The study of a compound substituted so as to stabilize a negative charge 
at C-2, such as 2-phenylcyclohexanone should be studied, especially under kinetic 
conditions. 
The use of other alkylating agents such that the alkylated product could be 
further reacted to form bicyclic systems, such as 1, 3-dichloro-2-butene, should 
also be studied. 
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CHAPTER I 
INTRODUCTION 
Photochemical reactions of organic compounds have been sporadically 
reported in the literature since about 1900, with interest in these reactions greatly 
increasing during the past two decades. This interest is manifested in many re ­
search publications on organic photochemistry and in the appearance of several 
books and review articles (1-5). A few of the many organic photochemical reactions 
reported include photocycloadditions, photochemical reactions of small ring car­
bonyl compounds, photochemically induced cis-trans isomerization of olefins and 
photochemical dimerization of enones. 
One class of organic photochemical reactions that is of special interest is 
the photochemical rearrangement of cross-conjugated cyclohexadienones. Cyclo-
hexadienone photochemistry has its origins in work done on the sesquiterpene 
« - santonin (I) by the groups 
of Jeger (6a) and Barton (6b). 
In general, the bicyclic 6/6 fused cross conjugated cyclohexadienones 
yield tricyclic enones, referred to as "lumiproducts" when irradiated in inert 
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solvents such as p-dioxane or diethyl ether. On irradiation in protic media these 
same compounds have been observed to give fused 5/7 systems, spiro (4.5) systems, 
and phenols. 
The exact mechanistic details of the photochemical reaction have not been 
determined, but it is possible to make some general statements concerning the 
reaction paths. 
(1) The excited state intermediate is most probably a triplet. The triplet 
character of the intermediate is shown by the observation that triplet character 
and energy can be transferred from photosensitizers such as benzophenone to 
c c -santonin (7). Further evidence for a triplet intermediate was obtained by 
o 
irradiation of a- santonin at 3600 A using piperylene (a triplet quencher) as a sol­
vent. The reaction was completely quenched, ruling out a singlet intermediate, 
as the energy of the piperylene singlet (ca 2330 A*) is much higher than that of the 
applied radiation (7, 8). 
(2) It is probable that the reactive species has n, T T character, although 
* 
T T , I T intermediates have not been completely ruled out. Cross-conjugated cyclo-
hexadienones generally possess a strong absorption at ca 240 mu ( T T — » T T ) and a 
weaker absorption at ca 300 mu (n-* T T ). All rearrangements can be induced by 
radiation of either wavelength and since rearrangements occur at the longer wave­
length (lower energy) n-* T T transition, it is thought that the reactive species has 
n , T T character (9). Phosphorescence emission studies in a glass at low temper­
ature by Fisch and Richards (7) gave a value of 68 + 1 k-cal/mole, similar to the 
n, T T triplet energy of benzophenone. Similarly, phosphorescence emission studies 
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on the 4,4-diphenyl cross-conjugated cyclohexadienone (II) 
0 O. P H P H II 
by Zimmerman and Swenton (10) showed that the triplet energy was 68. 8 k-cal / 
mole. This was assigned to n, TT rather than higher energy T T , U triplet based on 
analogy to the n -*TT and triplet energy of benzophenone, the short lifetime of the 
triplet (theTT , TT triplet would be expected to have a longer lived triplet than the 
0.5 msec observed), and the characteristic n^TT phosphorescence emission S p e c ­
IF 
trum. Kropp has criticized these findings as favoring intermediacy of an n, TT 
triplet over a TT , TT triplet because of the uncertainty of the relationship between 
the photochemical behavior of a molecule in a glass at 77°K and one in solution 
at room temperature (11). 
The intermediacy of mesoionic species in the photochemical rearrange­
ment of cross-conjugated cyclohexadienones is widely accepted. Several systems 
of notation for depicting the pathways by which these hypothetical zwitterions might 
arise have appeared in the literature (12,13,14). The notations suggested by 
Zimmerman and Schuster (12) and Taylor (14) are shown in Chart 1. While the 
Taylor notation appears to be a simpler depiction, Zimmerman has recently crit i ­
cized it on the grounds that it fails to show the state of the promoted electron and 
also fails to give a more accurate description of the transformations involved (15). 
Compound III, studied by Kropp and Erman (16) is used for illustration in these 
charts as it yields all of the types of products on irradiation in protic media. 
ZIMMERMAN NOTATION 
Chart 1. Mechanism of the Photochemical Rearrangement of 
C ro s s- C onj ugated C yc lohexadienone s 
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Chart 1 (Concluded) 
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In the first step (Equation 1), m undergoes an n-^TT electronic transition 
to give the resonance stabilized triplet excited state IV. The species IV then 
rearranges to the excited state cyclopropyl intermediate V, as shown in Equation 2. 
The excited cyclopropyl species then undergoes a TT -» n transition. At this point, 
the character of the solvent is important. In an inert solvent such as dioxane, the 
TT -» n transition yields a zwitterionic hybrid, Via (Equation 2) which can rearrange 
to the tricyclic ketone VII. In protic media, such as aqueous acetic acid (Equation 
3), the electronic denotion yields the protonated form of the zwitterion, VIb. Sol­
vent attack on VIb (Equation 3) at C can lead to rupture of the C - C bond to 
give the epimeric spiro (4.5) hydroxyketones Villa and Vlllb or alternately to the 
5/7 fused hydroxyketone LX via breaking of the C - bond. 
Phenol formation can be explained by further photochemical reaction of 
VII as shown in Equation 4. Kropp and Erman reported that on irradiation of III 
in aqueous acetic acid, VII was present after short reaction times, but was con­
verted to X at the completion of the reaction. 
An alternate possible mechanism that is not generally considered for 
rearrangements in aqueous acid solution is formation of the lumiproduct followed 
by nonphotochemical or "dark" reaction of this species with solvent to form non-
phenolic products. 
Many lumiproducts do, in fact, react with aqueous acid to give fused 5/7-
hydroxyketones, spiro [4.5] hydroxyketones and dehydration products of these 
species. Three examples of this type of reaction are given in Chart 2 (17,18). 
The reason that this possibility is generally excluded is that these acid 
62 
HOAc 
0 
37 percent 
• O 
14 percent 
6 percent 
H O A C ; 
T O T " * O 
HO 
4 percent 88 percent 
7 percent 
H O A C 
T T O R * 
2 
trace 
Chart 2. Acid Catalyzed Reactions of Lumiproducts 
63 
catalysed cleavages of lumiproducts usually require several hours at reflux, 
whereas most of the photochemical react ions reported were performed at 20 to 
30°C. Additionally, the relat ive amounts of the various products formed a r e dif­
ferent in the acid catalyzed react ions of lumiproducts from those obtained in photo­
chemical r e a r r a n g e m e n t s of the cross-conjugated cyclohexadienones. 
Equation (4) in Chart 1 r e p r e s e n t s a general , but not exclusive mode of 
photochemical react ion for lumiproducts in aqueous acidic media. Two examples 
of other types of photochemical r earrangement s of lumiproducts in acidic media 
are shown in Chart 3 (17). 
Equation 5 is an example of phenol formation not involving a spiro in ter ­
mediate. Presumably the spiro intermediate X does not form because of the severe 
s tra in result ing from methyl-methyl interact ions . Because of this s train, a 1, 2 
methyl shift is favored. (17) 
The irradiat ion of lumisantonin (eq 6) in aqueous acidic media also proceeds 
v ia a 1, 2 methyl shift (6). The s tra in introduced by the t rans fused lactone r ing 
is said to prevent intermediacy of a spiro specie. Schuster and Fabian (19) reported 
that 6-epi-o: - santonin r e a r r a n g e s via a spiro intermediate to a phenol and a new 
photoketone (eq 7) as well as by means of a 1, 2-methyl shift to epimeric analogs 
of the products from a - santonin. The fact that this epimer allows formation of 
a spiro intermediate lends credence to the invocation of s train factors in explaining 
the rearrangement «- santonin via a 1,2-methyl shift. 
Lumiproducts have also been shown to r e a r r a n g e on extended irradiat ion 
in anhydrous dioxane. Lumisantonin has long been known to r e a r r a n g e to 
64 
Chart 3. Anomalous Photochemical Reactions of Lumiproducts 

66 
mazdasantonin (XI) on extended irradiation (6, 19). Fisch and Richards (20) 
recently reported that the intermediate in this reaction is the dipolar specie XII 
rather than the diradical XITJ (eq 8). This finding is based on the observation 
that the blue intermediate trapped in a glass at low temperature had no para­
magnetic character, as the diradical XIII would have. 
eq 8 
The 2 - m e t h y l n a p t h a l e n o n e XIV r e a r r a n g e s to the l i n e a r d ienone o r " frozen 
phenol" XV on i r r a d i a t i o n in d ioxane (eq 9). (21) 
XV 
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Irradiation of neat samples of the monoterpene umbellulone (XVI), which 
is analogous to lumiproducts, has afforded quantitative conversion to thymol 
(eq 10) (22) 
XVI 
This is similar to irradiation in dioxane in that there is no external proton source 
as is present in aqueous acidic media. 
The effect of methyl substitution at positions 2 and 4 on the photochemical 
rearrangements of bicyclic 6/6 fused cross-conjugated cyclohexadienones has been 
thoroughly studied. The effects of methyl substitution is summarized below. 
(1) Compounds with no methyl substitution on the A ring give lumiproducts 
in inert solvents and mixtures of spiro (4.5) hydroxyketones, 5/7 fused hydroxy-
ketones and phenols in aqueous acetic acid. 
(2) Compounds with a 2-methyl group give mainly lumiproducts in inert 
media and spiro hydroxyketones in aqueous acidic media. 
(3) Compounds with a methyl group at the four position give chiefly lumi­
products in inert media and fused 5/7 - hydroxyketones in aqueous acidic media. 
Only one example of a photochemical rearrangement of a cross-conjugated 
cyclohexadienone which is fused to a 5 membered ring has appeared in the literature. 
Jeger and co-workers (23) reported that on irradiation of the B-nor-steroidal 
o 
dienone (XVTI) in anhydrous dioxane at 2537 A, the linear conjugated dienone (XVIII) 
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forms in 68 percent yield (eq 11). 
eq i i xvn XVHI 
None of the expected tricyclic lumiproduct (XII) was formed. This phenomenon 
was attributed to excessive strain in the 5.3.5 tricyclic system. Jeger et al. 
postulated that the zwitterionic intermediate collapses with rupture of the 3a-7a 
bond to give XI (eq 13, Path B). Because of the strain thought to be inherent in 
the 5.3.5. ring system, the expected Path A is of much higher energy than Path B, 
and the lumiproduct (XII) is not formed. 
XI 
The purpose of this research was to investigate the photochemical behavior 
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of simpler 6/5 - fused bicyclic cross-conjugated cyclohexadienones in dioxane, 
including the effect of methyl groups at positions 4 and 6. Additionally, the photo­
chemical behavior of these compounds was studied in aqueous acetic acid. The 
purpose of studying the behavior of these compounds was twofold: to compare 
their behavior with that of the corresponding 6/6 - fused systems and to investi-
fate the feasibility of using a photochemical rearrangement of a 6/5 system in 
the synthesis of the sesquiterpene oplopanone (XX) (24). 
An additional possible application to natural product synthesis would be 
via ring expansion of the A-ring of the rearranged product as an entry into a 
series of compounds related to cadiene (XXI) (25). 
XXI 
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CHAPTER n 
INSTRUMENTATION AND EQUIPMENT 
Melting points were determined on a Fisher Johns hot stage and are 
uncorrected. Carbon and hydrogen microanalyses were performed by Galbraith 
Laboratories, Incorporated, Khoxville, Tennessee. Ultraviolet spectra were 
recorded on a Cary Model 14 recording spectrophotometer using 1 cm balanced 
quartz cells with 95 percent ethanol as solvent. Infrared spectra were recorded 
on a Perkin Elmer Model 137 or Perkin Elmer Model 457 spectrophotometer. 
Proton magnetic resonance spectra were recorded on a Varian A-60 spectrometer 
using carbon tetrachloride (unless otherwise stated) as solvent. Positions of n. m. r . 
absorption are reported in ppm downfield from tetramethylsilane (TMS). The 
abbreviations s, d, t, q, and m refer respectively to singlet, doublet, triplet, 
quartet, and multiplet. Mass spectra were recorded on a Varian M-66 m a s s spec­
trometer. Solvents were removed with a commercial rotating evaporator unless 
otherwise stated. Vapor phase chromatography analyses and preparative vapor 
phase chromatography were performed on a Aerograph Model A-90P Manual 
Temperature Programmer Gas Chromatograph. Chromatography columns were 
prepared from commercial 80-200 mesh silica gel. Anhydrous magnesium sul­
fate was used as a drying agent in working up reactions. 
All inorganic chemicals used in this research were reagent grade. Tech­
nical grade hydrocarbon solvents were used and were distilled prior to use. 
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Commercial anhydrous ether was stored over sodium metal ribbon and used 
without further purification. A Hanovia 450 watt high pressure mercury arc 
lamp, fitted with a Pyrex filter or used in an all Pyrex apparatus similar to that 
described by Kropp and Erman (16) was employed in all irradiation experiments 
where long wavelength light was desired. A Hanau 7 watt low pressure mercury 
o 
arc lamp, which furnishes greater than ninety percent emission at 2537 A, was 
employed in other irradiation experiments. Solutions were deoxygenated prior 
to irradiation and agitated during irradiation with a stream of nitrogen. 
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CHAPTER HI 
EXPERIMENTAL 
2-Methylcyclopentanone (XXII) 
Compound X X n was prepared as described in Part I, Chapter HI. 
7, 7a-Dihydro-7a-methyl-5(6H)-indanone (XXIII) 
Compound XXni was prepared by a method similar to that reported by 
Ross and Levine (26). A dried 500 ml three-necked round-bottom flask equipped 
with a thermometer, dropping funnel, and magnetic stirring bar was placed under 
positive nitrogen flow. Anhydrous ether, 200 ml, was added to the flask and a 
solution of 2. 8 g (0. 05 moles) of potassium hydroxide in 20 ml of absolute ethanol 
was added. The mixture was cooled to -7°C with an ice-salt bath and 27.40 g 
(0.28 moles) of 2-methylcyclopentanone (XXn) was added. A solution of 9. 0 g 
(0.129 moles) of methyl vinyl ketone in ca 50 ml anhydrous ether was added at 
a rate sufficiently slow to keep the reaction temperature at or below -5°C. When 
the addition was complete, the mixture was stirred for 45 min at -5°C, then for 
45 min with the ice-bath removed. The mixture was poured into 200 ml of 10 
percent hydrochloric acid and the layers were separated. The aqueous layer 
was saturated with salt and extracted with two 50 ml portions of ether. The com­
bined organic layers were dried over magnesium sulfate and the solvents were 
removed in vacuo. Distillation at reduced pressure gave 7.1 g of 2-methylcyclo­
pentanone (26 percent recovery) b. p. 41-42°C/15 mm Hg and 14. 04 of a tractable 
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mixture b.p. 68-105°C/0. 25 mm Hg which appeared, by infrared spectroscopy 
and vapor phase chromatography, to consist of XXIII plus its precursor diketone 
XXIV and ketol XXV. The tractable mixture was dissolved in 200 ml 10 percent 
ethanolic potassium hydroxide and refluxed in a nitrogen atmosphere for 30 min. 
The mixture was cooled to room temperature and neutralized with glacial acetic 
acid. The solvents were removed in vacuo, water was added to dissolve the 
potassium acetate formed in the neutralization, and the layers were separated. 
The aqueous layer was extracted with two 25 ml portions of ether and the com­
bined organic layers were dried over magnesium sulfate. The solvents were 
removed in vacuo and the product was distilled at reduced pressure through a 
short path distilling head giving 10.9 g (57 percent) of XXIII b.p. 65-67°C/0.30 
mm Hg (lit. 112°C/4 mm Hg) (27). 
Methyl Isopropenyl Ketone 
This compound was prepared by the method of Morgan, Megson, and 
Pepper (28). Two hundred milliliters of 2-butanone and 150 ml of 40 percent 
aqueous formaldehyde were charged into a 1000 ml three-necked round-bottom 
flask fitted with a mechanical s t irrer and reflux condenser. The flask was placed 
under positive nitrogen flow and 2 ml of 2 N sodium hydroxide solution was added. 
The mixture was stirred and heated on the steam bath until an exothermic reaction 
began; reflux continued for about two hours with no external heating. Occasional 
addition of 1 ml aliquots of 2 N sodium hydroxide was necessary to keep the mix­
ture alkaline. The mixture was allowed to stir for 14 hrs and neutralized with 
glacial acetic acid. The reaction mixture was distilled through a six inch Vigreaux 
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column. 
Boiling range Pressure Yield 
75-105°C 1 atm ca 200 ml - discarded 
88-110°C 15 mm Hg 57 g 3 hydroxy-methyl-2-
butanone 
110-140°C 15 mm Hg ca 40 ml viscous oil-
discarded 
The crude 3-hydroxymethyl-2-butanone was dried with anhydrous sodium 
sulfate. Twenty grams of the crude hydroxyketone was treated with ca 200 mg 
of anhydrous oxalic acid and distilled through a four inch Vigreaux column yielding 
15.1 g of the water azeotrope of the desired vinyl ketone, b. p. 80-85°C/l atm. 
The azeotropic mixture was dried with anhydrous sodium sulfate and distilled 
through a four inch Vigreaux column prior to use; b .p. 97-98°C (lit 98.5°C) (28). 
in a dried 500 ml three-necked round-bottom flask, fitted with a magnetic 
stirring bar, dropping funnel and thermometer and under positive nitrogen flow, 
2. 8 g (0. 02 moles) of potassium hydroxide in 20 ml absolute ethanol was dissolved 
in ca 200 ml of anhydrous ether. The reaction mixture was cooled to -5°C with 
an ice-salt bath and 29.4 g (0.334 moles) 2-methylcyclopentanone (XXn) was added. 
Fourteen grams (0.167 moles) of methyl isopropenyl ketone in ca 50 ml anhydrous 
ether was added dropwise with stirring, while the reaction mixture temperature 
was maintained at -5°C, then for 45 min with the ice-bath removed. The mixture 
was poured into 200 ml 10 percent hydrochloric acid. The layers were separated 
6,7a-Dimethyl-7,7a-dihydro-5(6H)-indanone (XXVI) 
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and the aqueous layer extracted with two 50 ml portions of e ther . The combined 
organic layers were dried with magnesium sulfate and the solvents were removed 
in vacuo. 
Short path distillation at reduced p r e s s u r e gave 5 .1 g recovered 2-methyl-
cyclopentanone (17 percent) b . p . 41-43°C/15 mm Hg. 
Further distillation gave 18. 0 g tractable mater ia l s b . p . 72-95°C/0. 07 mm 
Hg. 
The tractable mater ia l s were dissolved in 200 ml 10 percent ethanolic 
potassium hydroxide and refluxed with s t i rr ing in a nitrogen atmosphere for 75 
min. The mixture was cooled, neutralized with glacial acetic acid, and the sol­
vents were removed in vacuo. Water was added to dissolve the potassium acetate 
formed, the layers were separated, and the aqueous layer was extracted with two 
25 ml portions of e ther . The combined organic layers were dried with magnesium 
sulfate. The solvents were removed in vacuo and the result ing yellow oil was 
distilled through a short path distilling head yielding 12.7 g (46.5 percent) of 
XXVI, b . p . 61°C/0. 05 mm Hg. Compound XXVI exhibited the following spectral 
propert ies : 
uv max 238 mp. (E 10,700); i r (CC± 4) 3.37, 3 .41 , 3.48, 5.97 (conjugated 
carbonyl) and 6. 85 u. 
nmr 6 5.65 (m, IH), 1.25-2.87 (broad absorption, 9H), 1.19 (s, 3H), 1.07 
(d, 3H, J=7. 0 Hz); mass spectrum (70 eV) m / e 164 (M+) 
Anal C ^ H ^ O Calcd: C, 80.41; H, 9.86 
11 16 
Found: C,80.20; H,9 .84 
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4, 7a-Dimethyl-7, 7a-dihydro-5(6H)-indanone (XXVII) 
Compound XXVII was prepared by condensation of ethyl vinyl ketone with 
2-methylcyclopentanone XXTJ, in a manner similar to that described for 7, 7a-
dihydro-7a-methyl-5-(6H)-indanone(XXIII). A dried 1000 ml three-necked round-
bottom flask equipped with a dropping funnel, magnetic st irrer bar, and thermo­
meter was placed under positive nitrogen flow. Anhydrous ether, 400 ml, was 
added to the flask and a solution of 4.5 g (0. 08 moles) of potassium hydroxide in 
30 ml of absolute ethanol was added. The mixture was cooled,with stirring to 
-5°C by means of an ice-salt bath, and 52. 0 g (0.53 moles) of 2-methylcyclopen­
tanone was added. A solution of 20.5 g (0.244 moles) of ethyl vinyl ketone in ca 
150 ml of anhydrous ether was added dropwise at a rate sufficiently slow to main­
tain the temperature of the reaction at or below -5°C, then stirred for an addi­
tional hour with the cooling bath removed. The mixture was poured into 300 ml 
of 10 percent hydrochloric acid, and the layers were separated. The aqueous 
layer was extracted with two 50 ml portions of ether, and the combined organic 
layers were dried with magnesium sulfate. The solvents were removed in vacuo 
and the compound was distilled through a short path head at reduced pressure. 
Compound XXII, 25. 8 g (49 percent recovery) b. p. 43-44°C/21 mm Hg was r e ­
covered, followed by 20.1 g of tractable material, boiling 99-113°C/l. 0 mm Hg. 
The tractable material was dissolved in 300 ml 10 percent ethanolic potassium 
hydroxide and refluxed for 30 min in a nitrogen atmosphere. The mixture was 
cooled to room temperature, neutralized with glacial acetic acid, and the solvents 
were removed in vacuo. Water was added to dissolve the potassium acetate, the 
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layers were separated, and the aqueous layer was extracted with two 25 ml portions 
of ether. The combined organic layers were dried with magnesium sulfate and the 
solvents were removed in vacuo. Distillation of the resulting yellow oil through a 
short path head gave 12. 7 g (33 percent) of XXVII, b. p. 87°C/0. 85 mm Hg. Com­
pound XXVII exhibited the following properties: 
uv max 247 imi(e 13, 700); ir (CC±4) 3.32, 5.99 (unsaturated C=0), 6.20 
(C=C), 6.85 u. 
nmr 6 1.7-2.91 (broad absorption, 10H), 1.59 (s, 3H), 1.13 (s, 3H) 
Anal C H O Calcd: C, 80.40; H 9.82 11 16 
Found: C, 80.21; H 10.00 
7a-Methyl-5(7aH)-indanone (XXVIII) 
Compound XXVTII was prepared by the method of Bloom. (29) A dried 1000 
ml three-necked round-bottom flask equipped with a reflux condenser and magnetic 
stirring bar was placed under positive nitrogen flow and 750 ml freshly distilled 
tert-butyl alcohol and seven milliliters glacial acetic acid was charged into the 
flask. Freshly sublimed selenium dioxide, 8.4 g (0.076 moles), was added and 
the mixture was stirred until the selenium dioxide dissolved. Compound XXIII, 
11.3 g (0. 075 moles), was added and the mixture was refluxed, with stirring, for 
46 hrs . The mixture was concentrated to ca 200 ml by distillation of solvents 
in a nitrogen atmosphere. The selenium metal formed was removed by several 
filtrations, with suction, and the remaining solvents were removed in vacuo. The 
resulting black viscous mass was taken up in 250 ml of ether and filtered with 
suction. The ethereal solution was washed with five 50 ml portions of five percent 
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sodium hydroxide, dried with magnesium sulfate, and the solvents were removed 
in vacuo. Distillation through a short path head gave 2 .3 g (21 percent) of XXVIII 
b. p. 70-71°C/0. 3 mm Hg (l i t 69-70°C/0. 65 mm Hg) (29). The nmr spectrum of 
this compound had not been previously reported . It showed absorptions at 6 7. 02 
(d, IH, J A B = 9 . 5 H z ) , 5.99 (d of d, IH, J A B = 9 . 5 H z , J B X = 2. 0 Hz), 5.89 (m, lH) 
1.32-3.08 (broad absorption, 6H), 1.21 (s, 3H). 
6,7a-Dimethyl-5(7aH)-indanone (XXIX) 
Compound XXIX was prepared by a modification of the method of Bloom 
(29). A dried 100 ml three-necked round-bottom flask equipped with a reflux con­
denser and magnetic s t i r r e r bar was placed under positive nitrogen flow. Seventy 
five mi l l i l i ters of dried, freshly distilled tert -butyl alcohol was charged into the 
the flask and 2.45 g (0. 022 moles) of freshly sublimed selenium dioxide and 1 ml 
of glacial acetic acid were added. The mixture was s t i rred until the selenium 
dioxide dissolved and 3. 28 g (0. 02 moles) of XXVI was added. The mixture was 
refluxed with s t i rr ing for 30 h r s . The mixture was cooled to room temperature , 
and the selenium metal formed was removed by filtration with suction. The sol­
vents were removed in vacuo leaving a viscous black m a s s that was distilled 
through a short path head to give 1. 0 g of a brown oil b . p . 65-69°C/0. 05 m m Hg. 
Analysis by vpc on a 10 foot x 1/4 inch column containing silicone SE-30 on chrom-
osorb W showed that the oil consisted of ca 60 percent XXTX and 40 percent u n r e -
acted XXVI. The mixture was placed on a column of 25 g of sil ica gel. Elution 
with 300 ml of hexane and 450 ml of 5 percent ether-hexane gave recovered XXVI, 
mixed with a small amount of the desired compound XXIX. Further elution with 
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100 ml of five percent ether-hexane and 100 ml of ether gave 519 mg (16 percent) 
of XXLX. Compound XXLX exhibited the following spectral propert ies : 
uv max 244 mu. (e 12,900) i r (CC1 ) 3.36, 3 .41 , 3 .45, 5.97 (conj C=0) 
a n d 6 . 1 4 ( C = C ) u.; nmr; 6 6.72 (q, IH, J = 1 . 5 H z ) , 5 . 8 8 ( t , IH, J = 1 . 8 H z ) , 1 .41-
2.92 (broad absorption, 6H), 1.79 (d, 3H, J=1.5Hz), 1.18 (s, 3H); m a s s spectrum 
(70 eV) m / e 162 (M+) 
Anal C , , 0 Calcd: C, 81.44; H, 8.70 11 14 
Found: C, 81.57; H, 8.91 
4, 7a-Dimethyl-5(7aH)-indanone (XXX) 
Compound XXX was prepared by a modification of the method of Burn, 
Kirk and Petrow (30). A 1000 ml three-necked round-bottom flask equipped with 
a reflux condenser and magnetic s t i r r e r bar was placed under positive nitrogen 
flow. Freshly distilled anhydrous p-dioxane, 500 ml, was charged into the flask 
and 9.35 g (0.0413 moles) of 2 ,3 -d ichloro-5 , 6-dicyano-p-benzoquinone (DDQ) 
was added. The mixture was s t i rred until the DDQ dissolved, and 6. 60 g (0. 0403 
moles) of XXVTI was added. The mixture was refluxed with s t i rr ing for 30 h r s . 
The solution was cooled to room temperature , and the solid 2, 3-dichloro-5 , 6-
dicyano-phydroquinone (DDHQ) was collected by filtration with suction. The mix­
ture was concentrated to ca 50 ml by removal of solvents in vacuo. The mixture 
was cooled to room temperature and filtered with suction to remove the remaining 
DDHQ. It was then poured onto a loosely packed column of 70 g of alumina and 
eluted under p r e s s u r e with 500 ml of benzene. The solvents were removed in 
vacuo and the result ing yellow oil was distilled through a short path head to give 
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3 .92 g (60 percent) of XXX b. p. 88°C/0.5 mm Hg. Compound XXX exhibited the 
following spectral propert ies : 
uv max 243 m 1 J L(E 11,900); i r 3.32, 6.01 (conj C-0), 6 .21 (C=C) and 
6. 85p. 
nmr; 6 6.99 (d, IH, J = 9 . 5 H z ) , 6. 02 (d, IH, J = 9 . 5 H z ) , 1 .15-2.83 
(broad absorption, 6H). 1.72 (s, 3H), 1.17 (s, 3H) 
Anal C n ° 1 4 Calcd: C, 81.44; H, 8.70 
Found: C, 81.29; H 8.66 
Dehydrogenation of XXm with DDQ 
DDQ, 6. 25g (0. 0276 moles), was dissolved in ca 250 ml of anhydrous d i -
oxane and placed in a 500 ml three-necked round-bottom flask which was equipped 
with a magnetic s t i r r e r bar and reflux condenser. The apparatus was placed under 
positive nitrogen flow and 3. 75 g (0. 0254 moles) of compound XXTII was added. 
The mixture was fluxed with s t i rr ing for 23 h r s . The reaction mixture was cooled 
to room tempera ture , and the DDHQ formed was removed by filtration, with suc­
tion. The mixture was concentrated to a volume of ca 30 ml, placed on a loosely 
packed alumina column, and eluted under p r e s s u r e with ca 500 ml of benzene. The 
solvents were removed in vacuo, and the result ing oil was distilled through a short 
path head to give 870 mg (24 percent) of a dienone mixture . This mixture appeared 
by uv analysis to consist of the des ired cross-conjugated dienone XXVIII and the 
l inearly conjugated dienone XXXI. 
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Dehydrogenation of XXVI with DDQ 
A solution of 7.50 g (0. 033 moles) of DDQ in ca 250 ml of anhydrous ben­
zene was prepared and placed in a 500 ml three-necked round-bottom flask fitted 
with a magnetic s t i r r e r bar and reflux condenser. The apparatus was placed 
under positive nitrogen flow and 4.92 g (0. 03 moles) of compound XXVI was added. 
The mixture was refluxed with s t i rr ing for 23 h r s . The solution was cooled to 
room temperature , and the DDHQ was removed by filtration. The solution was i 
concentrated in vacuo to ca 25 ml, placed on a loosely packed column of 75 g of 1 
i 
alumina, and eluted under p r e s s u r e with 500 ml of benzene. The solvents were 
removed in vacuo and the result ing oil was distilled through a short path head to 
give 900 mg of a mixture of dienones which appeared by nmr to be a mixture of 
the des ired cross-conjugated dienone XXLX and its l inearly conjugated i somer 
i 
XXXII. I 
I 
r 
Irradiat ion of 7a-Methyl-5(7aH)-indanone (XXVII) 
0 
in Anhydrous Dioxane at 2537 A 
Compound XXVII, 530 mg (0. 0036 moles), was dissolved in ca 300 ml of 
anhydrous dioxane and irradiated with a Hanau seven watt low p r e s s u r e m e r c u r y 
arc source . The reaction was monitored by vapor phase chromatography using 
a 10 foot SE-30 column; conversion to what appeared by vpc to be a single photo-
product was complete in 75 min. In a repeat reaction the yield of the photoproduct 
was 70 percent as determined by vpc using mesitylene as an internal standard. 
The solvents were removed in vacuo, and the crude oil was placed on a column 
of 12 g of si l ica geh Elution with 200 ml of hexane gave 37 mg of a viscous 
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mater ia l that appeared to be polymeric and was discarded. Further elution with 
550 ml of five percent ether-hexane gave 72 mg (13.6 percent) of a pale yellow 
oil which appeared by vpc to consist of greater than 90 percent pure 7a-methyl-
3a, 7a-dihydro-3a, 7-cyclo-6(7H)-indanone (XXXIII). This was further purified 
by preparat ive vpc. Compound XXXffl exhibited the following spectral propert ies : 
u v m a x 2 . 3 6 m u , ( e 6 , 300) and 271 mo.; (e 4, 200) ir(CC± 4) 3. 36, 3.38, 3.48 
and 5. 86 (conj C=0) u. 
n m r ; 6 7.28 (d, IH, J = 5 . 5 H z ) , 5.77 ( d o f d , IH, J =5.5 Hz, J =0. 8 Hz), 
AB BX 
1.47-2.27 (broad absorption, 7H), 1.66 (s, 3H); mass spectrum (70 eV) m / e 
148 (M+) 
Anal C H 0 Calcd: C, 81 .04;H, 8.16 
Found: C, 80.99; H, 8.23 
Further elution with ether-hexane mixtures and finally with pure ether gave what 
appeared by vpc to be a mixture of recovered s tart ing mater ia l (XXVni) and a 
new compound, an oil, identified as 7-methyl-5, 6-dihydro-2(4H)-indenone (XXXIV). 
Compound XXXIV exhibited the following spectral propert ies : 
uv max 296 mu.(e 19,000); i r (CC1 ) 3.39, 3 .41 , 5.86 (conj C=0) 5. 97 
(C=C) and 6.31 (C=C^ ; nmr 5 5 .61 (s, IH), 2.70 (s, 2H), 1.53 - 2.90 (broad 
absorption, 6H), 1.81 (s, 3H); mass spectrum (70 eV) m / e 148 (M+) 
Anal C H 0 Calcd: C, 81.04; H, 8.16 
Found: C, 80.71; H, 8.47 
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Attempted Reaction of 7a-Methyl-3a, 7a-dihydro-
3a, 7-cyclo-6(7H)-indanone (XXXIII) with Silica Gel 
Compound XXXIII, 30 mg (0. 0002 moles) was placed on a column of 1. 0 
g of si l ica gel and a solution of five percent ether-hexane added to fill the column. 
The column was allowed to stand for ca 15 h r s , and the ether-hexane solution 
was eluted. Two hundred mi l l i l i ters of ether was eluted through the column, and 
the solvents were removed in vacuo to give 28.5 mg of an oil which was shown to 
consist only of compound XXXIII by vpc analysis (10 foot x 1/4 inch SE-30 on 
o 
Diatoport column, 190 C). 
Attempted Thermal Rearrangement of 7a-Methyl-
3a, 7a-dihydro-3a, 7-cyclo-6(7H)-indanone (XXXIII) 
A small sample (25 to 50 mg) of compound XXXIII was sealed in a glass 
tube and heated at 100°C for one hour. No change could be detected by vpc (10 
foot x 1/4 inch SE-30 on Diatoport column, 190°C). 
Irradiat ion of 7a-Methyl-3a, 7a-dihydro-3a, 7-cyclo-6(7H)-
indanone (XXXIII) in Anhydrous Dioxane: Broad Spectrum Lamp 
Compound XXXIII, 249 mg (0.00168 moles), was dissolved in ca 250 ml 
of anhydrous dioxane and irradiated for ten minutes with a 450 watt high p r e s s u r e 
m e r c u r y arc source . The solvents were removed in vacuo, and the oily res idue 
was placed on a si l ica gel column. Elution with hexane-ether mixtures gave no 
identifiable products . 
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Irradiation of 7a-Methyl-5(7aH)-indanone (XXVIII) 
in Anhydrous Dioxane: Broad Spectrum Lamp 
Compound XXVIII, 599 mg (0. 00404 moles), was dissolved in ca 250 ml 
of anhydrous dioxane and irradiated for 90 min with a 450 watt high pressure 
mercury arc source. The solvents were removed in vacuo. The remaining 
resinous amber oil was placed on a silica gel column and eluted with hexane-
ether mixtures. No identifiable products were isolated. 
Irradiation of 6,7a-Dimethyl-5(7aH)-indanone 
(XXDC) in Anhydrous Dioxane 
Compound XXIX, 427 mg (0. 0026 moles), was dissolved in ca 250 ml of 
freshly distilled anhydrous dioxane and irradiated with a Hanau seven watt low 
pressure mercury arc source. The reaction was monitored by vapor phase 
chromatography; starting material was converted to a single photoproduct after 
90 min irradiation. The solvents were removed in vacuo, and the crude oily pro­
duct was placed on a column of eight grams of silica gel. Elution with 275 ml of 
hexane and 250 ml of 25 percent ether-hexane gave 286 mg (67 percent) of 5,7a-
dimethyl-3a, 7a-dihydro-3a, 7-cyclo-6(7H)-indanone (XXXV). Compound XXXV 
was further purified by preparative vpc and had the following properties: 
uv max 235 mp- ( e4, 630) and 283 m|i( e 2,120); ir (CC±4) 3.33, 5.86 
(conj C=0) u. ; 
nmr 6 6. 84 (m, IH), 1.45 - 2.33 (broad absorption, 7H), 1.66 (d, 3H, 
J=1.5 Hz), 1.11 (s, 3H); mass spectrum (70 eV) m/e 162 (M+) 
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Anal Calcd: C, 81.44; H, 8.70 
Found: C, 81.16; H, 8.90 
Further elution with 150 ml of ether gave a small amount of resinous material 
which appeared to be polymeric and was discarded. 
Compound XXX, 750 mg (0. 0046 moles), was dissolved in ca 400 ml of 
anhydrous dioxane and irradiated for 120 min (48 percent conversion by vpc 
analysis). The solvents were removed in vacuo, and the crude oily photoproduct 
was placed on a column of 15 g of silica gel. Elution with 900 ml of hexane gave 
276 mg (38 percent) of 1,7a-dimethyl-3a, 7a-dihydro-3a, 7-cyclo-6(7H)-indanone 
(XXXVI). Compound XXXVI exhibited the following spectral properties: 
uv max 247 m^(e4,820) and 274 mM.(e2,900); ir (CHC1 ) 3.30, 5.88 and 
6. 36(j, 
nmr 6 7. 28 (d, IH, J=5. 5 Hz), 5. 74 (d, IH, J=5. 5 Hz) 1. 56 - 2. 80 
(broad absorption, 6H), 1.18 (s, 3H) and 1. 08 (s, 3H); mass spectrum (70 eV) 
m/e 162 (M+) 
Anal C 1 1 H 1 O Calcd: C, 81.44; H, 8.70 
Further elution with 1050 ml of hexane gave 382 mg of recovered XXX. Continued 
elution with 450 ml of ether-hexane mixtures and 300 ml of ether gave 32 mg of 
a resinous material which appeared to be polymeric and was discarded. 
Irradiation of 4,7a-Dimethyl-5(7aH)-
indanone (XXX) in Anhydrous Dioxane 
Found: C, 81.24; H, 8.40 
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Irradiation of 4, 7a-Dimethyl-5(7aH)-indanone (XXX) 
in Anhydrous Dioxane; Broad Spectrum Lamp 
Compound XXX, 656 mg (0. 0041 moles), was dissolved in ca 250 ml of 
freshly distilled anhydrous dioxane and irradiated with a 450 watt Hanovia high 
pressure arc. The reaction was followed by removing aliquots of the reaction 
mixture at regular intervals and analyzing these mixtures by vpc. At short r e ­
action times, the tricyclic ketone XXXVI was the principal photoproduct but this 
was observed to be converted to another compound as irradiation was continued. 
After 120 min irradiation, the new compound accounted for 46 percent of the 
reaction mixture. Attempted chromatography on silica gel failed to separate 
the new compound from XXXVI and XXX. The new compound was purified by 
preparative vpc on a 10 foot SE-30 column, yielding 149 mg (22 percent) of a 
6 7*89 
pale yellow oil identified as 4,4-dimethyl-tetrahydro-A ' ' ' -5-indanone 
(XXXVII). Compound XXXVII exhibited the following spectral properties: 
uv m a x 335 m n( e 3 , 820); ir (CCl^) 3 . 3 7 , 3.49, 6.00 (conj C=0) and 
6.12 (C=C) \i> 
nmr 5 6. 86 (d, IH, J=10. 0 Hz), 5.79 (d, IH, J=10. 0 Hz), 1.76-2.75 
(broad absorption, 6H), 1.16 (s, 6H); Mass spectrum (70 eV) m/e 162 (M+) 
Anal C ^ H ^ O Calcd: C, 81.44; H, 8.70 11 14 
Found: C, 81.52; H, 8.68 
Catalytic Hydrogenation of 4,4-Dimethyl-tetrahydro-
A 6 , 9 ; 8 > 9 - 5 - i n d a n o n e (XXXVH 
Compound XXXVH, 102 mg (. 000636 moles), was dissolved in ca 60 ml 
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of 95 percent ethanol, and 17 mg of 10 percent palladium on carbon was added. 
The mixture was placed on a Parr low pressure hydrogenation apparatus at 45 
psig of hydrogen and shaken for 16 hrs . The catalyst was removed by filtration, 
and the solvents were removed in vacuo. The crude product was an oil, having a 
carbonyl absorption in the ir at 5. 86 \i (lit. 5. 86 M- (41) ). The semicarbazone of 
this hydrogenation product was prepared and showed m.p. 203-6°C (lit. 207-8°C 
(41) ). 
Irradiation of 4,7a-Dimethyl-5(7aH)-indanone (XXX) 
in 45 Percent Aqueous Acetic Acid 
Compound XXX, 2.10 g (0. 0124 moles), was dissolved in ca 350 ml of 
45 percent aqueous acetic acid and irradiated for one hour with a 450 watt Hanovia 
high pressure mercury arc source. The solvents were removed in vacuo by azeo-
tropic distillation with toluene. The crude oily photoproduct was placed on a 
column of 40 g of silica gel and eluted as follows. 
Elution with 350 ml of hexane and 500 ml of 10 percent ether-hexane gave 
679 mg (34 percent) of recovered XXX. Further elution with 800 ml of 10 per­
cent ether-hexane gave 85 mg (3.3 percent) of a white crystalline solid identified 
as the rearranged hydroxy ketone acetate 3,7-dimethy 1-7 acetoxy-5, 6,7,7a-
tetrahydro-2-(4H)-indenone (XXXVIII). Compound XXXVTII was purified by sub­
limation at high vacuum and exhibited the following properties: 
m.p. 95-96°C; uv max 238 m(i(e7700); ir (CHC1 ) 3.42, 5.81 (ester C=0) 
5.93 (conj C=0) and 6.10 (C=C) M. 
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nmr 6 1.40-3.26 (broad absorption, 9H), 1.93 (s, 3H), 1.42 (s, 3H) 
1.20 (s, 3H) 
Anal C H O. Calcd: C, 69.75 H, 8.11 
l o l o O 
Found: C, 69.51 H, 7.95 
Continued elution with 600 ml of 25 percent ether-hexane, 1400 ml of 50 percent 
ether-hexane, and 1000 ml of ether gave 1.28 g (59 percent) of the rearranged 
hydroxy ketone 3,7-dimethyl-7-hydroxy-5, 6,7, 7a-tetrahydro-2(4H)-indenone 
(XXXIX). Compound XXXIX was purified by sublimation at high vacuum and had 
the properties reported below. 
m. p. 59. 5-60°C; uv max 242 m|i ( e 6,100); ir (CHC1 ) 2. 69, 2.83 
3.35, 5.91 (conj C=0), 6.08 (C=C) and 6.92 M< 
nmr 61.46-2.92 (broad absorption, 10H), 1.43 (s, 3H), 0.79 (s, 3H); 
mass spectrum (70 eV) m/e 180 (M+) 
Anal C 1 1 H 1 6 ° 2 Calcd: C, 73.30 H, 8.95 
Found: C, 73.06 H, 8.67 
Irradiation of 1, 7a-Dimethyl-3a, 7a-dihydro-3a, 7-cyclo-
6(7H)-indanone (XXXVI) in 45 Percent Aqueous Acetic Acid 
Compound XXXVI, 211 mg (0.0013 moles), was dissolved in ca 250 ml 
of 45 percent aqueous acetic acid and irradiated for 30 min with a 450 watt 
Hanovia high pressure mercury arc source. The solvents were concentrated 
by distillation at reduced pressure to ca 10 ml. The last 10 ml of solvent was 
removed by azeotropic evaporation with toluene in vacuo. The crude product 
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was placed on a column of four grams of silica gel. Elution with 150 ml of hexane, 
300 ml of 10 percent ether-hexane, 200 ml of 25 percent ether-hexane, and 200 ml 
of 50 percent ether-hexane gave only trace amounts of oils which were discarded. 
Further elution with 300 ml of ether gave 144. 6 mg of a clear oil which crystallized 
on standing overnight in the freezer. The crystals melted at 59-62°C and had an 
ir and nmr spectra identical in all respects to the 5/6-fused hydroxy ketone XXXIX. 
This represents a yield of 66 percent. 
Irradiation of 6,7a-Dimethyl-5(7aH)-indanone (XXLX) 
in 45 Percent Aqueous Acetic Acid 
Compound XXLX, 523 mg (0. 00323 moles) was dissolved in ca 250 ml of 
45 percent aqueous acetic acid and irradiated with a 450 watt Hanovia high pres­
sure mercury arc source for 105 min. The solvents were removed by azeotropic 
evaporation with toluene Jn vacuo, and the product was placed on a column of 10 g 
of silica gel. Elution with 300 ml of hexane followed by 300 ml of 10 percent 
ether-hexane gave 105 mg (22 percent) of recovered compound XXLX. Further 
elution with 300 ml of 25 percent ether-hexane and 1450 ml of 50 percent ether-
hexane gave 140 mg (24 percent) of a compound tentatively identified as 6,7a-
dimethyl-6-hydroxy-3,4, 6 7-tetrahydro-3a, 7-cyclo-5(7aH)-indanone (XL) and 
248 mg (46 percent) of 1,7-dimethyl-7-hydroxy-5, 6, 7, 7a-tetra-hydro-2-(4H)-
indanone, b .p . 90-95/0.1 mm Hg (bath temperature). 
Compound XL exhibited the following spectral properties: uv, no maxi­
mum above 210 my,: ir (CC1 ) 2.77, 2.92, 3.46, 3.49, and 5.79 (C=0) [l ; 
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nmr, (60MHz) 6 4. 06 (S, IH), 1.42-2.96 (broad absorption, 7H), 2.49 (d, IH, 
J A B =18Hz) , 2.21 (d, IH, J A B = 1 8 Hz), 1.20 (s, 3H), 1.17 (s, 3H); nmr (100 MHz) 
verified JA-g= 18 Hz. The exact mass of this compound was determined by mass 
spectrometry as 180.155 (Calcd. for compound XL: 180.155). 
Compound XLI exhibited the following properties: m.p. 70.5-71°C, uv 
234 mij, (e 16,500), ir , (CC1 ) 2.77, 2.92, 5.84 (C=0), 6.13 (C=C)n, ; nmr; 6 
5.81 (m, IH), 1.50-3.39 (broad absorption, 9H), 1.30 (d, 3H, J=7.5Hz), 0.92 
(s, 3H); mass spectrometry (70 eV) 180 (M+) 
Anal C^H O Calcd: C, 73.30; H, 8.95 11 16 2 
Found: C, 73.10; H, 8.96 
Reaction of 5,7a-Dimethyl-3a, 7a-dihydro-3a, 7-cyclo-
6(7H)-indanone (XXXV) with Aqueous Acetic Acid 
Compound XXXV, 750 mg (ca 70 percent pure: compound XXIX and a 
small amount of XXVI was present in this sample) (0. 0046 moles) was dissolved 
in 300 ml of 45 percent aqueous acetic acid and stirred for about three hours. 
The solvents were removed in vacuo by azeotropic distillation with toluene. The 
resulting brown oily residue was placed on a column of 18 g of silica gel. Elution 
with 125 ml of hexane and 150 ml of 10 percent ether-hexane gave 172 mg of a 
mixture of XXXV and XXVI (ca 90 percent XXXV by vpc analysis on a 10 foot x 
1/4 inch SE-30 Diatoport column, 180°C). Further elution with 150 ml of 10 
percent ether-hexane and 450 ml 25 percent ether-hexane gave 194 mg of XXIX. 
Continued elution with 300 ml of 50 percent ether-hexane and 450 ml of ether 
gave 182 mg (23 percent) of 6,7a-dimethyl-6-hydroxy-3,4, 6,7-tetrahydro-3a, 
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7-cyclo-5(7aH)-indanones. (XL) 
Periodic Acid Oxidation of 6,7a-Dimethyl-6-hydroxy-
3,4, 6,7-tetrahydro-3a, 7-cyclo-5(7aH)-indanone (XL) 
Compound XL, 87 mg (0. 00048 moles) was dissolved in 50 ml of an 
ethereal solution of periodic acid containing ca 0. 00048 moles of periodic acid 
and stirred for 14 hours. The solvents were removed in vacuo to yield 64 mg 
of an oil which had ir absorptions at 3.38, 3.40, 3.49, 5.73 and 5.87 |-iand 
showed two singlets in the nmr at 6 1.28 and 1. 38. 
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CHAPTER IV 
DISCUSSION OF RESULTS 
As mentioned in Chapter I, the primary objective of this research was to 
investigate the photochemical rearrangements of cross-conjugated cyclohexa­
dienones related to indan. The first part of this discussion covers the synthesis 
of these dienones. The second and third parts of the discussion will respectively 
cover the results of the irradiations and mechanistic considerations involved. 
The basic starting material for all of the dienones used was 2-methyl­
cyclopentanone (XXII) which was readily synthesized by methylation and decarbe-
thoxylation of 2-carbethoxycyclopentanone (31). 
The parent unsubstituted indanone (XXDI) had previously been reported 
by deFeu, McQuillin and Robinson (27) and more recently by Ray and Gupta (32). 
Robinson's method of synthesis, involving condensation of 2-methylcyclopentanone 
(XXn) with the methiodide salt of 4-dimethylamino-2-butanone suffers from poor 
yield; attempts to reproduce this work in these laboratories gave erratic results 
(33). Ray's procedure, in which 2-methylcyclopentanone (XXH) was condensed 
with 4-chloro-2-butanone in the presence of sodamide, was not attempted. 
The general method of Ross and Levine, which has been used success­
fully for the synthesis of several naphthalenones (26) was employed. In this 
technique, 2-methylcyclopentanone was condensed with the appropriate vinyl 
9 3 
ketone using ethanolic potassium hydroxide as a catalyst and anhydrous ether as 
the solvent. Buchanan and McLay ( 3 4 ) reported that under these conditions 
2-methylcyclopentanone condensed with methyl vinyl ketone to give the dione 
XXIV in unstated yield. 
j X ^ j ^ — G H 2 C H 2 COCH3 
XXIV 
In our hands, however, the condensation gave a three component mixture as 
analyzed by vapor phase chromatography. Infrared and nuclear magnetic reso­
nance spectroscopy indicated that the mixture consisted of XXIV plus the ketol 
XXV and the desired enone XXIII in a ratio of about 2 : 1 : 2 . 
XXIII XXV 
Aqueous hydrochloric acid and piperidine both failed to convert the crude mixture 
to compound XXIII. The mixture was converted to XXITI in good yield with etha­
nolic potassium hydroxide. 
This two step method, as outlined in Chart 4 , proved to be a most satis­
factory synthesis for the desired enones. It should be noted that it was necessary 
to run these reactions in a nitrogen atmosphere. Several attempts to condense 
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Vinyl Ketone R i R 2 Yield Compound 
Methyl vinyl ketone H H 57 x x m 
Ethyl vinyl ketone H 47 XXVII 
Methyl isopropenyl ketone H C H 3 33 XXVI 
Chart 4 . Syntheses of Some Dihyroindanones 
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2-methylcyclopentanone with methyl vinyl ketone in air gave extremely poor 
yields. 
Compounds XXTTI, XXVT, XXvTT gave spectral data consistent with the 
assigned structures. Compounds XXVI and XXVII had not been synthesized 
previously and gave satisfactory analytical results. 
In general, use of DDQ is the most convenient method for conversion of 
enones to cross-conjugated cyclohexadienones. Compound XXVTI reacted cleanly 
with this reagent to give the desired dienone XXX in 60 percent yield (Equation 
14). 
eq 14 XX VH 
XXX 
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Compounds XXIII and XXVI, however, reacted with DDQ to give what 
appeared to be, by ultraviolet and nmr spectroscopy, mixtures of the desired 
dienones XXVTII and XXIX respectively and the linear conjugated dienones XXXI 
and XXXII (Equation 15). 
xxni, r = h xxvrn, r = h xxxi, r = h 
XXVI, R = CH XXIV, R = CH XXXH, R = CH 
O O o 
Both XXni and XXVI reacted with selenium dioxide under the conditions 
of Bloom (29) to give the desired cross-conjugated cyclohexadienones XXVHI and 
XXIX respectively. Spectral properties of the dienones XXVni and XXTX are 
summarized in Table 1. The absorption for the C^-H of compound XXVHI at 
6 5. 89 partially obscures the upfield component of the AB quartet for the C - H 
and C 7~H centered at 65.99. 
The failure of Compounds XXHI and XXVI to cleanly form cross-conjugated 
cyclohexadienones with DDQ, and the observation that the desired cross-conjugated 
products XXVHI and XXIX respectively were formed on treatment with selenium 
dioxide can be explained in terms of the mechanisms of the two oxidations. 
Ringold and Turner (35) found that in the absence of acid, androst-4-ene-
3,17-dione reacted with DDQ in refluxing dioxane to give three products, the 1.4 
dienone, 4,6-dienone and 1,4,6 trienone in ratio 10:1:1 (Equation 16). 
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Table 1. Spectral Properties of Simple 6/5 Fused 
Cross Conjugated Cyclohexadienones 
E t O H 
Compound ^ m a x ' m ^ i r * , y n m r , 6 
XXVIII 244 (2a) 6.03, 6.12 (29) 7.02 (d, IH, Jab=9.JHz) 
242 (obs) 6.03, 6.12 5.99 (dofd, IH, Jab=9.5 
(observed) Hz Jax=2. 0 H) 5. 89 (m, IH) 
1.32-3.08 (broad absorption, 
6H) 1.21 (s, 3H) 
XXLX 244 5.97, 6.14 6.72 (q, IH, J=l. 5 Hz) 
5.88 (t, IH, J=1.8 Hz); 
1.41-2.92 (6H) 1.79 (d, 
3H, J=1.5 Hz); 1.18 (s, 
3H) 
XXX 243 6.01, 6.21 6.99 (d, IH, J=9.5Hz) 
6.02 (d, IH, J=9.5) 
1.15-2.83 (6H) 1.72 
(s, 3H); 1.17 (S, 3H) 
Only carbonyl and olefin absorptions are given. More complete spectra of 
compounds XXLX and XXX are given in Chapter n. 
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eq 16 
In acid media, larger amounts of the 4, 6-dienone were formed. It was postulated 
that the kinetic enol (XLII) forms in the absence of acid and undergoes C-l hydride 
abstraction faster than the kinetic enol can equilibrate to the more thermodynami-
cally stable enol (XLIII) which can undergo C-7 hydride abstraction. 
XLH XLHI 
Langbein (36a) and Corey (36b) studied the mechanism of the selenium 
dioxide dehydrogenation of ketones and found that the initial step in the mechanism 
involves coordination of the selenium with the carbonyl oxygen to yield a postu­
lated intermediate selenite ester that can decompose to the desired cross-con­
jugated cyclohexadienone (Equation 17). 
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Evidence for the argument that the reaction does not proceed via the enol form 
is found in the observation that the rate increase is only about twofold when the 
solvent is changed from tert-butyl alcohol (catalysed by a trace of acetic acid) 
to 50 mole percent nitric acid in tert-butyl alcohol. 
As previously stated, compounds XXIII and XXVI give mixtures of linear 
and cross-conjugated cyclohexadienones on treatment with DDQ. 
In the case of compound XXVI, the C-6 methyl may furnish some steric 
hindrance to the formation of the kinetic enol. The rate of formation of the 
thermodynamic enol may compete effectively with that of the kinetic enol. Addi­
tionally, this same methyl group could also furnish hindrance to C-7 hydride 
abstraction by DDQ. Kropp has reported that the napthalenone analog of XXVI 
does not react with DDQ in refluxing dioxane (17). 
The formation of the heteroannular dienol of compound XXIII must likewise 
be very rapid. This would explain the mixed products obtained. 
Compound XXVII does react with DDQ to give the desired cross-conjugated 
dienone cleanly. A reason that the heteroannular dienol is not rapidly formed in 
1(3) 
this system may be that in the enol (XLIV) there would be an A 
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XLIV XLV 
hydrogen-methyl interaction between the C-3 hydrogen and the C-4 methyl (37). 
Additionally the C-4 methyl may stabilize the homoannular dienol (XLV). 
Compounds XXVHI, XXTX and XXX all gave tricyclic 5/3/5 lumiproducts 
on irradiation in anhydrous dioxane at 2537^. Results of these irradiations are 
tabulated in Chart 4. 
The spectral properties of the lumiproducts (XXXHI, XXXV and XXXVI) 
are quite similar to those of the lumiproducts derived from the analogous 6/6 
fused systems. The spectral properties of both sets of compounds are tabulated 
in Chart 5. 
These results are quite surprising in light of the results of Jeger and co­
workers (23) who reported that the dienone from B-nor-testosterone acetate 
(XVTJ) was converted to the linear conjugated dienone XVHI on irradiation at 
o 
2537 A (Equation 18). This result was explained by the mechanism shown in 
Chart 2 (Chapter I). 
x v n x v m 
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2537 A 
Dienone 
XX v m 
XXLX 
XXX 
R. 
H 
H 
R, 
H 
C H 3 H 
Irradiation 
time, min. 
75 
90 
120 
Lumiproduct 
formed 
x x x m 
XXXV 
XXXVI 
Yield, 
percent 
Uncertain 
67 
38 (48 percent 
conversion) 
Chart 5. Irradiation of 7a-Methyl-5(7aH)-indanones in Dioxane 
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Compound 
X X X I I I 
x x x v 
XXXVI 
E t O H 
X 
max, mp, 
236 (e6300) 
271 (64200) 
236 (e6100) 
235 (64660) 
283 (e2120) 
234 (65280) 
270 (61900) 
247 (64820) 
274 (e2900) 
240 (64650) 
i r , |i 
5.86 
5.92, 
6.34 
5.86 
5.92, 
6.14 
5.88, 
6.36 
5.92, 
nmr, 6 
7.28 (d, IH, J=5.5 
Hz), 5.77 (d of d, 
J A B = 5 . 5 , J B X=0.8), 
1.47-2.27 ( » , 7H), 
1.66 (s, 3H) 
7.38 and 5.78 ( J A B = 5 . 5 
Hz, J A X = 0 . 8 Hz and 
J B X = 1 . 1 Hz); 1. 24 (d, 3H, 
J=7. 0 Hz); 1.18 (s,3H) 
(ref 21) 
6.84 (m, IH, 1.45-
2.33 (m, 7H), 1.66 
(d, 3H, J=l. 5 Hz 
1.11 (s, 3H) 
6. 86 (m, IH) 1.68 
d, IH, J=1.5, 1.12 
(s, 3H) (ref 21) 
7.28 (d, IH, J=5.5), 
5.75 (d, IH, J=5.5), 
1.56-2.80 (m, 6H), 
1.18 (s, 3H), 1.08 
(s,3H) 
734 (d, IH J A B ^ - 5 H z )» 
5.88 (d, IH J A B = 5 . 5 Hz), 
1.28 (s, 3H) 1.15 (s, 3H) 
(ref 17) 
Carbonyl and olefin stretching frequencies only 
Chart 6. Spectral Properties of Some Lumiproducts 
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A second product (XXXIV), analogous to Jeger's linear dienone, was also 
formed on the irradiation of XXVTH. Examination of the reaction mixture by uv 
spectroscopy on completion of irradiation showed that a small amount of XXXIV 
by removal of solvents in vacuo, the relative amount of XXXIV was increased 
several fold. Examination of the concentrated reaction mixture by nmr indicated 
that the ratio of XXXHI to XXXIV was ca 5:2. 
A possible explanation for this phenomenon is that an intermediate photo-
ketone that thermally isomerizes to XXXIV and has the same vpc retention time 
as XXXIII is formed. When large (50 to 75 |JL1) samples of the crude concentrated 
reaction mixture were injected into the vpc, the relative amount of XXXIV seemed 
to increase, while the size of the peak attributed to XXXIII appeared to decrease. 
A possible structure for this unidentified photoketone is XLVI. 
dioxane 
was present ( max 288 m|i). When the reaction mixture was concentrated 
XLVI 
Compound XLVI could arise as shown in Equation 19. 
Eq 19 
x x v n i 
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The compound isolated by Jegerjst £d could likewise form through an 
exo-methylene intermediate analogous to XLVI. 
The intermediacy of the lumiproduct (XXXTII) in the formation of the linear 
dienone (XXXIV) in either a thermal reaction or on a chromatography column was 
ruled out by two experiments. Heating a small sample of pure XXXIII for one 
hour at 100°C produced no change detectable by vpc. Allowing a pure sample of 
XXXHI to remain on a silica gel column for 14 hours likewise produced no change 
as detected by vpc. 
A comparison of the spectral properties of compounds XVTH, XXXIV and 
the 5/7 fused heteroannular dienone XLVH (38) is given in Table 2. 
XLVH 
Table 2. Spectral Properties of Some Heteroannular Dienones 
X 
EtOH 
Compound max nmr, 6 
XVHI (23) 299 (el4,500) 5.87, 
5.96, 
6.32 
5.92 (s, IH), 2.94 
(s, 2H), 1.86 (s, 3H) 
XXXIV 296 (619,000) 5.86, 
5.97, 
6.31 
5.61 (s, IH), 2.70 
(s, 2H), 1.53-2.90 
(broad absorption, 6H) 
1.81 (s, 3H) 
XL VII (38) 300 ( e10,900) 5.99, 
6.40 
5.86 (s, IH), 2.83 
(S, 2H) 1. 85 (s, 3H) 
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The lumiproduct derived from XXX is of special interest. On further 
o 
irradiation with light greater than 3000 A, most lumiproducts derived from 
bicyclic 6/6 dienones (eg XLVm) give phenols (XLLX) (Equation 20) (39). 
eq 20 
hv 
XL VIII XLLX 
A notable exception to this general rule is the case of lumisantonin (L) which 
gives mazdasantonin (XI) on irradiation in inert media (Equation 21). 
eq 21 
XI 
The strain induced by the lactone fused to the B-ring of lumisantonin is said to 
cause this abnormality (19). If strain is indeed the cause for the observed course 
of reaction, the lumiproduct (XXXVI) should form the linear dienone XXXVTI on 
further irradiation. 
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XXXVI hv 
Irradiation of XXX with a 450 watt high pressure source in dioxane gave the lumi­
product (XXXVI) which rearranged to a new compound, identified as XXXVTI. 
Compound XXXVTI was hydrogenated to the known tetrahydro derivative which 
CC1„ CC1„ 4 4 had X max 5.86 \i (C=0) (lit. X max 5.86 |i(41); semicarbazone, m.p. 206-
9°C (lit. 207-8°C (41) ). 
The mechanism of the conversion of XXXVI to XXXVTI is quite probable 
similar to the lusisantonin-mazdasantonin conversion mechanism proposed by 
Fisch and Richards (20) and is given in Equation 23. 
The more general formation of phenolic products is probably not observed in this 
case since formation of a spiro[ 5.3] intermediate would be required. 
The ultraviolet spectral properties of Compound XXXVTI, mazdasantonin 
(XI), 6-epi-mazdasantonin (XI a) and the homoannular dienone LI reported by Caine 
(40) are tabulated in Table 3. 
eq 23 
XXXVI XXX vn 
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XI a LI 
Table 3. Ultraviolet Spectra of Some Homoannular Dienoneg 
Compound 
EtOH 
max, m(i e 
x x x vn 335 3820 
XI 218 7700 
XIa 308 
LI 328 3550 
The lumiproduct XXXni should rearrange to the phenol Lni on extended irradiation 
(Equation 24). 
eq 24 XXXHI 
LEI 
Attempted irradiation of both XXVTI and its lumiproduct (XXXTII) with a broad 
spectrum source gave only a resinous amber material from which no identifiable 
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compounds could be isolated. 
When compound XXXVI was dissolved in 45 percent aqueous acetic acid 
and irradiated with a broad spectrum high pressure mercury arc source, 
rearrangement to the 5/6 fused hydroxyketone XXXIX occurred. This was thought 
to be a dark reaction as no photochemical conversions of lumiproducts to analogous 
structures have been reported. In a later experiment, a small portion of the lumi­
product (XXXVI) was dissolved in 45 percent aqueous acetic acid and stirred in the 
dark. None of the 5/6 fused hydroxyketone (XXXTX) was formed in this reaction, 
indicating that the conversion of XXXVI to XXXIX is a new type of photochemical 
reaction. 
As stated in Chapter I, bicyclic 6/6 fused cross-conjugated cyclohexadie­
nones with a 4-methyl group rearrange cleanly to give 5/7 fused hydroxyketones 
on irradiation in aqueous acidic media. An example of this is the reaction repor­
ted independently by Caine and Dawson (42) and Kropp (43) in which the cyclohexa-
dienone LIV rearranges cleanly to the perhydroazulene LV in 45 percent aqueous 
acetic acid (Equation 25). 
OH 
• 
eq 25 
LIV LV 
Bicyclic 6/6 fused cross-conjugated cyclohexadienones with a 2-methyl 
substituent have been shown to rearrange chiefly to spiro (4.5) hydroxyketones 
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on irradiation in aqueous acid media as in the conversion of LVI to LVII (Equation 
26) (21). 
eq 26 
LVI LVII 
On irradiation with a 450 watt high pressure mercury arc source, compound XXX 
gave the rearranged hydroxyketone XXXLX and, in trace amounts, the rearranged 
hydroxyketone acetate (XXXVIII) (Equation 27). 
eq 27 
XXX 
x x x r x x x x v i n 
The rearrangement of XXX in aqueous acidic media is then exactly analogous to 
its naphthalenone counterpart. Compound XXXVIII arises by attack of acetic 
acid rather than the more nucleophilic water on the intermediate formed in the 
reaction. Spectral properties of compounds LV and XXXLX are compared in 
Table 4. 
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Table 4. Spectra of Rearranged Hydroxyketones 
E t O H 
Compound ^ max, m M» i r .M» * nmr, 6 
LV 243 6.17 7.55 (m) 0.91 (S) 
5.95 
XXXIX 242 (66100) 5.91, 1.46-2.12 (broad absorp­
tion, 10H) 61.43 (s, 3H) 
6 0.79 (3, 3H) 
* 
Only carbonyl and olefin stretching frequencies are given. A more complete 
description of the ir of XXXIX is found in Chapter H. 
Compound XXIX did not behave like its naphthalenone analog (LVI) upon 
irradiation in aqueous acidic media. As previously indicated, LVI rearranged 
to give the epimeric spiro hydroxyketones LVTI upon irradiation in aqueous acetic 
acid (Equation 26). Compound XXIX, however, gave no spiro products under 
these conditions. Two hydroxyketones XL and XLI were formed in 24 and 48 per­
cent yields, respectively. 
XL XLI 
The structure assigned to XL is tentative. The assigned structure appears 
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to satisfy the spectral data given in Chapter m. 
The broad singlet at low field was assigned to the hydroxyl proton. The AB 
quartet (J = -18 Hz) was assigned to the C-4 hydrogens and the two singlets gem 
to the two methyl groups. 
Additionally, this compound appeared to react with an ethereal solution of 
periodic acid. The product from this reaction was not identified, but was shown 
to be different from XL by ir and nmr spectroscopy. 
A possible explanation for the formation of the 5/6 fused hydroxyketone 
(XLI) and the lack of formation of spiro products is that the 7-7a bond in the pro­
posed intermediate (LVII) is exo to two five membered rings, rather than exo to 
one five and one six membered ring as in the case of the intermediate proposed 
for the 6/6 bicyclic systems. Since the 7-7a bond is exo to two five membered 
rings it would 
have more s character than the corresponding bond in the analogous intermediate. 
Conversely, the 3a-7a bond is in a five membered ring. This bond, then has a 
larger amount of p character than the corresponding bond in the intermediate 
proposed for naphthalenone systems, which would be in a six membered ring. 
The large amount of s character could make the 7-7a bond stronger than its ana­
log in the intermediate 6/6 system. The large amount of p character in the 3a-7a 
LVTI 
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bond could make it weaker than its analog. Therefore, rearrangement by break­
ing the 3a-7a bond is to be favored energetically over rearrangement via rupture 
of the 7-7a bond, even though the methyl substituent does not favor this course 
of reaction. Compound XLI is the result of solvent attack at C-7a with displace­
ment of the 3a-7a bond. The three membered ring in the proposed intermediate 
(LVTI) is not effected in the formation of the tricyclic hydroxyketone (XL). For­
mation of this tricyclic product apparently occurs via reaction of the lumiproduct 
(XXXV) with the solvent since a sample of XXXV rearranged to XL when stirred 
with 45 percent aqueous acetic acid at room temperature. 
The data gathered on all of the compounds for which definite identification 
is claimed seems to indicate little doubt as to the correctness of the assigned 
structures. The details involved in the formation of these irradiation products 
is by no means completely elucidated. 
The formation of the three lumiproducts, Compounds XXXIII, XXXV, and 
XXXVI can be accomodated by use of the mesoionic intermediate postulated by 
Zimmerman and Schuster (12) as shown in Equation 28. 
eq 28 
R 
XP Several Steps ^ 
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The formation of the linearly conjugated dienone (XXXIV) and the steroidal 
analog reported by Jeger^t al_ (23) can likewise be depicted as forming from the 
Zimmerman-Schuster intermediate either directly as shown in Chart 2 (Chapter I) 
or by formation of the exo-methylene isomer (XLVI) with concomitant isomeriza-
tion of this compound to the observed product (Equation 29). 
eq 29 
H 2G-H 
isomerize
 0 
XXXIV XLVI 
A s p r e v i o u s l y s t a t e d , XXXHI did not r e a r r a n g e on h e a t i n g to 100 C for one 
hour or on standing on silica gel. This eliminates XXXffl as an intermediate in 
the formation of XXXIV. 
Irradiation of XXX in 45 percent aqueous acetic acid gives the 5/6 fused 
hydroxyketone (XXXLX) and the acetate of this hydroxyketone (XXXVTJI). This 
course of rearrangement is analogous to that of the similarly substituted naphtha­
lenone (LIV) (42,43). Both of these results can be rationalized in terms of sol­
vent attack on the Zimmerman-Schuster intermediate as outlined in Chapter I. 
Since the lumiproduct (XXXVI) derived from XXX appears to rearrange to the 
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hydroxyketone, XXXIX, under the reaction conditions used for the irradiation 
of XXX, the intermediacy of XXXVI cannot be ruled out. 
Unlike XXX, compound XXTX does not react in a manner analogous to its 
naphthalenone counterpart (21). The formation of the 5/6 fused hydroxyketone 
(XLI) can readily be rationalized in terms of the Zimmerman-Schuster inter­
mediate. As previously stated, dark reaction of XXXV with aqueous acetic acid 
gives XL, the other hydroxyketone formed on irradiation of XXTX. 
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CHAPTER V 
CONCLUSIONS 
7-a-Methyl-5(7aH)-indanone and its 4-and 6-methyl derivatives were 
synthesized and irradiated in various media. 
The previous postulation (23) that the 5/3/5 fused ring system is too 
strained to form is incorrect. All three indanones give 5/3/5 fused photoketones 
o 
on irradiation at 2537 A in dioxane. 
The effect of A-ring methyl substituents is somewhat different in the 
indanone case than in the naphthalenone systems. A C-4 methyl substituent in 
either class of compounds gives only a rearranged fused hydroxyketone on i r r a ­
diation in aqueous acetic acid. A methyl group at C-6 in the indanone system 
does not, however, direct the rearrangement to form spiro hydroxyketones. 
The use of mesoionic species has successfully been employed in the past 
to rationalize the results of cyclohexadienone rearrangements. The invocation 
of these hypothetical intermediates can be carried over to the indanone systems 
studied. 
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CHAPTER VI 
RECOMMENDATIONS 
The details of the irradiation of Compound XXVHI, which appears to form 
both a lumiproduct (XXX1TI) and another product, the linear dienone XXXIV should 
be more clearly elucidated. Attempts to define the intermediate involved in the 
formation of XXXIV should be made. 
The structure of Compound XL should be definitely proven. If the tenta­
tively assigned structure is correct, it would represent the first successful trap­
ping of the proposed mesoionic intermediate. 
A systematic study of filters and quenchers on the cyclohexadienone 
rearrangement might give valuable insight into the detailed mechanism of the 
reaction. 
117 
LITERATURE CITED* 
1. O. L. Chapman, ed. "Organic Photochemistry," 1. Marcel Dekker, Inc. 
New York. 1967. 
2. W. A. Noyes, J r . , G. S. Hammond and J . N. Pitts, J r . , eds. "Advances 
in Photochemistry," 1-4 Wiley-Inter science, New York. 
3. P. deMayo and S. T. Reid, Quart. Rev., 15, 393 (1961) 
4. P. E. Eaton, Accts. Chem. Res . , 1_, 50 (1968) 
5. R. O. Kan, "Organic Photochemistry" McGraw Hill New York. 1966. 
6. a D. Arigoni, H. Bossard, H. Bruderer, G. Buchi, O. Jeger and L. J . 
Krebaum Helv. Chim. Acta, 40, 1732 (1957) 
6.b D. H. R. Barton, P. deMayo and M. Shafiq, J . Chem. Sec., 140 (1948) 
7. M. H. Fisch and J . H. Richards, J. Am. Chem. Soc., 85, 3029 (1963) 
8. P. J . Kropp in Reference 1, p 64 
9. Ibid. , p 62 
10. H. E. Zimmerman and J . S. Swenton, J . Am. Chem. Soc. 86, 1436 (1964) 
11. P. J.. Kropp, op. cit. p 65 
12. H. E. Zimmerman and D. I. Schuster, J . Am. Chem. Soc, 84, 4527 (1962) 
13. O. L. Chapman in Reference 2 1, 322 (1963) 
14. G. A. Taylor, Chem. Commun., 896 (1967) 
15. H. E. Zimmerman, Chem. Commun., 176 (1968) 
* 
For the complete title of all journals referred to, see Chemical Abstracts, 
Vol. 50, p. 1J (1956) 
118 
16. P. J . Kropp and W. F. Erman, J . Am. Chem. Soc., 85, 2456 (1963) 
17. P. J . Kropp, J . Am. Chem. Soc., 87, 3914 (1965) 
18. P. J . Kropp, J. Am. Chem. Soc., 85, 3779 (1963) 
19. D. I. Schuster and A. C. Fabian, Tetrahedron Letters, 4093 (1966) 
20. M. H. Fisch and J . H. Richards, J . Am. Chem. Soc., 90, 1553 (1968) 
21. P. J . Kropp, J . Am. Chem. Soc., 86, 4053 (1963) 
22. J . W. Wheeler and R. H. Eastman, J . Am. Chem. Soc., 81, 236 (1959) 
23. G. Bozzato, H. P. Throndsen, K. Schafmer and O. Jeger, J . Am. Chem. 
Soc., 86, 2073 (1964) 
24. K. Takeda, H. Minato, and M. Ishikawa, Chem. Commun., 79 (1965) 
25. R. Vlahov, M. Holub and V. Herout, Collect. Czechslov. Chem. Comm., 
32, 822 (1967) 
26. N. C. Ross and R. Levine, J . Org. Chem. 29, 2341 (1964) 
27. E. C. DeFeu, F. J . McQuillin and R. Robinson, J . Chem. Soc., 53 (1937) 
28. G. Morgan, N. J . L. Megson and K. W. Pepper, Chem. Ind., 57, 885 
(1938) 
29. S. M. Bloom, J. Am. Chem. Soc., 81, 4728 (1961) 
30. D. Burn, R. Kirk and V. Petrow, Proc. Chem. Soc., 14 (1960) 
31. R. Bouveault, Bull. Chim. Soc. France, 21, 1022 (1911) 
32. S. C. Ray and U. R. Gupta, J . Indian Chem. Soc. 36, 137 (1959) 
33. J . B. Dawson, private communication 
34. G. Buchanan and G. W. McLay, Chem. Commun., 504 (1965) 
35. a H. J . RingoldandA. Turner, Chem. Ind., 211 (1962) 
35.b S. K. Pradhan and H. J . Ringold, J . Org. Chem. 29, 601 (1964) 
119 
36. a G. Langbein, J . Prakt. Chem., 18, 244 (1962) 
36.b E. Corey and J . P. Schaefer, J . Am. Chem. Soc. ,82, 918 (1960) 
37. S. K. Malhotra, Seminar presented at the Georgia Institute of Technology, 
February 16, 1968 
38. J . F. DeBardeleben, Ph.D. Thesis, Georgia Institute of Technology, 
Atlanta, 1967, p 54 
39. K. Weinberg, E. C. Utzinger, D. Arigoni and O. Jeger, Helv. Chim. Acta, 
43, 236 (1960) 
40. D. Caine, Ph.D. Thesis, Emory University, Atlanta, 1962, p 61 
41. J . A. Marshall, H. H. Andersen and P. C. Johnson, J . Am. Chem. Soc., 
89, 2748 (1967) 
42. D. Caine and J . B. Dawson, J . Org. Chem., 29, 3108 (1964) 
43. P. J . Kropp, J . Org. Chem., 29, 3110 (1964) 
120 
VITA 
William J . Powers, III, son of Mr. and Mrs. William J. Powers, J r . 
was born on May 6, 1941 at Bridgeport, Connecticut. 
He was graduated from Newburgh Free Academy, Newburgh, New York 
in June, 1959 and received his Bachelor of Science Degree in Chemistry from 
the University of Delaware, Newark, Delaware in June, 1963. In September, 
1963 he began graduate work in the School of Chemistry at the Georgia Institute 
of Technology, Atlanta, Georgia. 
He is a member of the American Chemical Society, an associate member 
of the Society of the Sigma Xi and a member of the Phi Kappa Tau Fraternity. 
On November 20, 1965 he was married to the former Ann Chandler 
Warren. 
